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EXECUTIVE SUMMARY  

‘The Netherlands will be free of natural gas by 2050’, according to minister Henk Kamp from 

economics. Alternatives for natural gas are sought-after and energy transition receives a growing 

body of attention from society. Next to Amsterdam, more and more cities, villages and 

neighbourhoods express their ambition to become energy neutral. Simultaneously, a large group of 

residents is not concerned with this topic. Energy transition might be too complex, uninteresting, a 

low priority or difficult to realise for those people. However, there are always a few enthusiastic 

residents that can take the lead in their community, as is the case in the Wildemanbuurt in 

Amsterdam. 

AIM OF PROJECT  
This study aims to answer the following research questions: 

1. What is the current behaviour regarding waste separation and what are the intentions for 

separation of organic waste of the residents in the Wildemanbuurt? 

2. What are the design criteria for testing the technical feasibility of a bio-digester for local 

energy production in the Wildemanbuurt? 

METHODOLOGY   

Qualitative research was used to determine the social feasibility of a waste separation scheme and 

for a biodigester in the Wildemanbuurt. The data used in this research derives from an interview 

with local entrepreneur and resident Houssaien Bouhbouh and focus groups with local residents. 

The questions used during the interview and focus groups derive from different factors found in the 

literature that are influencing recycling behaviour and structured according to the Theory of Planned 

Behaviour (TPB). TPB is a theory used to predict and explain human behaviour. The central focus of 

this report is on the factors in the TPB that influence one’s motivation to perform certain behaviour. 

Reflexive interactive design (RIO) is used as a method for the technical feasibility study.  RIO is mainly 

used as structured design approach to effectively reform existing systems using three different steps 

(e.g. System & actor analysis) and three elements (e.g. System analysis and Brief of Requirements). 

The data is collected through interviews with experts, stakeholders, and a literature study. The data 

was used to satisfy the main aim for setting design criteria for the placement of a biodigester in an 

urban environment. 

BASELINE ASSESSMENT 
- Research area. This research takes place in the Wildemanbuurt, a neighbourhood in Osdorp, 

Amsterdam Nieuw-West.  

- Current waste situation. Currently, organic waste is not separated and is, thus, part of the 

residual waste stream. Residual waste is now collected and processed by the waste processor of 

Amsterdam. 

- Biodigester demonstration unit. Since last September, a demonstration biodigester is installed in 

the neighbourhood. 
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- Key actors and needs. A stakeholder analysis is carried out in which the important stakeholders 

are defined using a stakeholder typology and their relationship towards the project is made 

clear. The most important stakeholders for the project are the definitive stakeholders: the 

residents and the primary producer. The second most important stakeholders are the expectant 

stakeholders: NGO’s, consumers, government, municipality, public representative and 

policymaker, inspector, waste processor and employees. 

SOCIAL FEASIBILITY STUDY  
The project can be viewed as social feasible if the majority of the residents are willing to cooperate. 

Key is the behaviour of residents in this project is waste separation. The Theory of Planned 

Behaviour is used to determine the intentions of residents towards waste separation behaviour in 

the Wildemanbuurt. Attitude, subjective norms and perceived behavioural control are aspects that 

influence that behaviour. Literature, interviews and focus group discussion revealed factors that 

have the most impact on intentions. 

Short view of the results: 

- Attitude: two attitudes were most present, namely: attitude towards waste separation and local 

sustainable energy production. In general residents showed positive attitudes, however their 

willingness to actually perform or contribute to that behaviour is questionable. 

- Subjective norms: Especially community norms as social pressure are highly present. Trusted and 

known community members could help increase social pressure in order to separate waste.  

- Perceived behavioural control: The majority agreed that accessibility to waste containers need to 

be improved:  they should be close by and easy to use. Time and lack of authority were 

discouraging factors as well. Furthermore, there exists a lack of knowledge regarding the 

biodigestion process.  

The aspects can increase or lower the intentions of residents to separate waste. The mean 

conditions to increase one’s intention to separate waste are:  

1. The activity of separating organic waste is convenient  

a. Access to waste facilities needs to be ensured and installed in every street 

2. They have a reason to believe their organic waste separation behaviour has effect 

a. Ideally, the digester should make the neighbourhood independent from energy 

companies, improve social cohesion in the neighbourhood and create employment 

for the resident.  

3. They get something in return from their effort. 

a. If they receive a reward for proper separation behaviour they believe to be more 

willing to continue with waste separation.  

TECHNICAL FEASIBILITY STUDY  

The placement of a small-scale bio-digester in an urban environment is hypothetically found 

feasible. This feasibility study is supported by the ‘analysis of potential organic waste sources’ and 

‘quantitative flow analysis’ discussing the current situation of the Wildemanbuurt, the List of Design 

Criteria discussing the requirements of different stakeholders, and expert knowledge.  
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The ‘analysis of potential organic waste sources’ and ‘quantitative flow analysis’ has described the 

current situation regarding potential organic waste streams in the Wildemanbuurt. The potential 

organic waste streams in the neighbourhood consist of swill, FOG, vegetables, fruits, garden, and 

possibly black water.  The input sources with most potential are the vegetable/fruit (395 ton/yr) and 

black water (2730 ton/yr) waste streams. These amounts of waste streams translate in fulfilling the 

demands of hypothetical 870-1028 households (1-person) in an ideal situation, 144-171 households 

not using black water and less than one household in a realistic situation (current separation rate is 

taken into account). 92 requirements are made and listed in the Brief of Requirements. These 

requirements are the eventual design criteria, which are ordered by different aspects to easily 

search for requirements. The list represents the guidelines for a future design and shows important 

attention points as well.  

INTEGRATION  

Discussion. Interactions occur between what is socially desirable and what is technically feasible:  

1. The actual volume and composition of the organic waste collected in the Wildemanbuurt 

versus the requirements for the volume and composition of the input of the biodigester. 

2. Socially desired output (gas provision for households) versus feasibility of local biodigester 

(limited energy supply).  

3. Central location in the neighbourhood for the biodigester unit is preferred (socially) versus 

requirements/regulations of the government regarding a biodigester’s location. 

Moreover, biodigestion is an ‘end-of-pipe’ solution, it reduces the impact of waste and increases 

sustainability, but not the cause. Solutions aimed at reducing the production of waste itself minimize 

the need for a solution like biodigestion. Considering the large social, technical and financial 

investments needed for a biodigester, it could be argued that waste reduction methods deserve 

more priority. However, since waste is unlikely to disappear, at least in the near future, recycling 

stays an important alternative to current unsustainable methods.  

RECOMMENDATIONS 
- Containers. Collection containers located on every street to reduce walking distance.  

- Organic waste sources. Explore different organic waste sources such as from local supermarkets, 

restaurants, hospital, companies etc.  

- Output/use of gas. With relatively low separation percentages it is recommend staying with 

using biogas for cooking as social activity. The higher the separation percentage of the 

neighbourhood, the more possibilities arise regarding biogas.  

- Incentive. Residents would like to be rewarded for good waste separation behaviour. The option 

of direct delivery of gas to the households is probably not realistic, so a few examples of rewards 

that can work: deposit money, saving system, tax reduction and diftar.  

- Knowledge distribution. It is highly recommend promoting waste separation. Examples: 

posters/banners/articles/door-to-door/face-to-face.  

- Location biodigester. Lack of regulation causes a lot of room for negotiations with the 

government.  
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BUDGET  
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Abbreviation list 

Abbreviation: Description: 

VFG Vegetables, fruits and garden waste 

AD  Anaerobic digestion 

Bva Besluit verbranden afvalstoffen 

NeR Nederlandse emissie Richtlijn Lucht 

AMvB algemene maatregel van bestuur  

LAP Landelijk afvalbeheerplan 

Wro Wet op de ruimtelijk ordening 

Bees Besluiten emissie-eisen stookinstallaties A en B 

Wabo (Omgevingsvergunning) 

VROM Volkshuisvesting, Ruimtelijke Ordening en Milieubeheer 

VZC Vervoersbewijs zuiveringsslib en compost  

NVWA Nederlandse voedsel- en warenautoriteit 

HACCP Hazard Analysis and Critical Control Points 

VIHB Vervoeren, inzamelen, handelen en/of bemiddelen van bedrijfsafvalstoffen  

FOG Fats, oils, and grease 

ATEX ATmosphères EXplosibles used as synonym for two European guidelines regarding 
explosion danger under atmospheric pressure. 

KvK Kamer van Koophandel 

VF Vegetables and fruits 

G Garden 

FOG Fats, Oils and Grease 

OWS Organic Waste Stream 

t Tonne 

m
3 

Cubic meter 

yr year 

Kg Kilogram 

Pp Per person 

MJ Mega joule 

GJ Giga joule 
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Introduction 

Minister of Economics, Henk Kamp announced that: ‘The Netherlands will be free of natural gas by 

2050’. He presented the new ‘Energieagenda’: policies towards a CO2-neutral economy by the year 

2050 (NRC, 2016). District heating networks are going to transport residual heat from the industry 

towards our houses while we cook our dishes using green energy generated by windmills in the 

Noordzee. Several weeks earlier, the municipality of Amsterdam announced a similar plan. Fossil 

fuels have fallen out of favour on a national scale, due to earthquakes in Groningen, the high 

dependency on Russian gas and climate change. Alternatives for natural gas are sought-after and the 

energy transition receives a growing body of attention from society. Next to Amsterdam, more and 

more cities, villages and neighbourhoods express their ambition to become energy neutral. 

Simultaneously, a large group of residents is not concerned with this topic. Energy transition might 

be too complex, uninteresting, a low priority or difficult to realise for those people (READY, 2016). 

However, there are always a few enthusiastic residents that can take the lead in their community, as 

is the case in the Wildemanbuurt in Amsterdam. 

Unlike other municipalities, Amsterdam does not separate biowaste. Together with the residual 

waste it is burned at the local ‘Afval Energie Bedrijf’. The heat and energy that derive from this 

process is used to heat houses. However, there is more potential for biowaste. Instead of burning 

the waste, it can also be placed in a biodigester where waste is transformed into gas (Nieuw 

Amsterdam, n.d.). 

This ACT project is part of a bigger project. In collaboration with Wageningen University and 

Research, the Advanced Metropolitan Solutions Institute, social incubators ‘The Beach’ and ‘Lucas 

Community’ (LC) started an energy transition project for the local residents of their neighbourhood, 

the Wildemanbuurt, part of the Osdorp area in Amsterdam Nieuw-West. They installed a 

demonstration biodigester in front of the LC to show the production cycle of biogas from old bread. 

Their ultimate goal is to set up an energy company, managed by Wildemanbuurt residents. 

Additionally, these incubators aim to foster job opportunities and improve social cohesion in their 

neighbourhood. Figure 1 gives a time schedule of the overall project, it can be seen that multiple 

projects are involved within this project.  

There is a knowledge gap concerning the social and technical feasibility of this project. The opinion 

of the local residents is not examined and therefore it is unclear if they will appreciate and use a 

biodigester. Next to this, knowledge regarding the technical design criteria is lacking. The overall 

purpose of this project is to determine which social and technical criteria are essential to foster 

energy through bio-digestion in the Wildemanbuurt.  

  

Figure 1. General project planning  A 

2016    2017       
Oct Nov Dec  Jan Feb Mar Apr May Jun Jul 

 
Thesis Technical feasibility   Completion project 

‘Science Shop’ Thesis Social Capital   
 ACT      
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Research questions     

This study aims to answer the following research questions: 

1. What is the current behaviour regarding waste separation and what are the intentions for 
separation of organic waste of the residents in the Wildemanbuurt? 

2. What are the design criteria for testing the technical feasibility of a biodigester for local 
energy production in the Wildemanbuurt? 

This report is divided into separate part in line with the research questions. First, the methodology is 

presented. Second, the research area will be described, which describes the social characteristics of 

the neighbourhood, the current waste streams and information about relevant stakeholders in the 

area.  

 

Part I examines the social aspects they play a role in this project and will focus on the first research 

question. Part II is dedicated to the second research question and focuses on technical design 

criteria of a biodigester in the Wildemanbuurt. The integration of part I and II will be the focus of this 

final part. An overview of key results will be presented firstly, followed by a discussion addressing 

the main challenges of this project. Finally, recommendations are given. 
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Structure and Reading guide 

  

Figure 2. Structure research report  



1. Methodology  

This chapter elaborates on the different methods applied in this study when examining the social 

and technical feasibility of a biodigester in the Wildemanbuurt. The methodology for qualitative 

research is explained in the first paragraph, followed by a description of the Reflexive Interactive 

Design in the second paragraph.  

1.1 QUALITATIVE RESEARCH  
Qualitative research methods are used to examine the social feasibility of a waste separation 

scheme and installation of a biodigester in the Wildemanbuurt. Social feasibility is a broad and 

complex concept that can be interpreted in different ways. The project description shows several 

key aspects that need to be examined when determining social feasibility in the Wildemanbuurt, for 

example: ‘willingness’ and ‘attitude’ of local resident and ‘increase local support’. When searching 

the academic literature on methods to do so, a wealth of studies can be found. Azjen’s (1991) 

‘Theory of Planned Behaviour’ (TPB) is used by many academics (e.g. Ghani et al., 2013; Barr, 2007; 

Tonglet et al., 2004) and measures three aspects: attitude, subjective norms and perceived 

behavioural control (see Figure 3). 

 

 

It has been argued that these interlinked aspects guide human intentions and behaviour (Ghani et 

al., 2013). Perceived behavioural control relates to: “…individual believes about the presence of 

factors that may facilitate or impede performance of the behaviour and the perceived power of 

these factors” (Ghani et al., 2013 p.1277). Attitudes are concerned with either the positive or 

negative evaluation of outcomes of performed behaviour. Subjective norms cover the expected 

evaluations of others on individual behaviour. As a rule, the more positive the attitudes and 

subjective norms and the stronger the perceived behavioural control, the stronger one’s intentions 

to perform a certain behaviour.  

Azjen’s TPB includes a questionnaire through which each aspect can be ranked. This questionnaire is 

not used in the current study for multiple reasons. Firstly, this research aimed to better understand 

human behaviour in order to advice on the feasibility of a digester in the Wildemanbuurt. 

Quantitative methods (e.g. questionnaires) do not allow for follow-up questions, thereby excluding 

the opportunity to specify questions or verify collected information. Secondly, CREM (2016) 

Figure 3. Visual representation of TPB (Azjen, 1991) 
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reported a very low response rate when studying waste behaviour by the use of questionnaires. 

Face-to-face conversations are believed to yield higher respondent rates and will deliver more 

(detailed) information about people’s opinions (CREM, 2016).  

1.1.1 Data collection 

The data used in this research derives from an interview with local entrepreneur and resident 

Houssaien Bouhbouh and two focus groups with local residents (full topic list: see appendices C and 

D). Mr. Bouhbouh was interviewed because of his active function and tasks in the project and 

perceived social status in the Wildemanbuurt. Mr. Bouhbouh works with the reactor on a daily basis 

and is well known by the local residents. Mr. Bouhbouh helped to promote and organise the focus 

groups with other Wildemanbuurt residents. The aim of these focus groups was to get an 

understanding of the opinion, behaviour and attitude towards waste separation of local residents. 

1.1.2 Focus groups  

Two methods can be used when selecting participants for focus groups: random or selective 

sampling (Payne and Payne, 2004). Ideally, random selection would be used in this research. During 

the interview with Mr. Bouhbouh it became clear that way of selection would result in a very low 

response rate. He named a low trust in (people from) institutions as main reason for this. Mr. 

Bouhbouh advised to use face-to-face promotion and his network to select participants for the focus 

groups. 

Mr. Bouhbouh helped to set an appropriate date and time to attract as many people as possible. The 

focus groups where held on Wednesday evening in the LC and took around 1,5 hours. Through social 

media, face-to-face promotion and phone calls over thirty people were expected to be present. 

Unfortunately, only eleven residents showed up. The participants were all between 32 and 60 years 

old, lived in different parts of the Wildemanbuurt and originated from Morocco, Turkey and the 

Netherlands. The participants were randomly divided into two groups to get as many information as 

possible. Two team members lead the focus groups, which were both recorded. They posed the 

questions and decided which participant was allowed to talk, to prevent people from dominating 

(Payne and Payne, 2004). Two other researches kept an eye on the structure and made sure all 

questions were posed. 

As explained previously, the conceptual model of Azjen’s TPB was used to design the questions for 

the focus groups (see appendix B). Before the actual focus groups took place, the procedure and 

questions were tested earlier that day. A group of nine woman participated in a cocking workshop at 

the digester. The researchers were allowed to pose their questions and talk about bio-digestion with 

these lady’s. This test resulted in interesting insides for example, the need to reformulate some 

questions, introduce concepts and the need to check answers by summarising. 

The questions used in the actual focus groups related to two main topics. The first part concerned 

questions about waste and waste separation (e.g. current behaviour regarding waste separation, 

knowledge about waste separation). After this first part the circular process of bio-digestion was 

explained by the use of a poster. This information was shared to make sure the participants knew 

the basics about bio-digestion, the topic of the second part. This part contained questions regarding 

the installation of the demonstration biodigester in front of the LC, idea’s about sustainable energy 

and possible future use of biogas. After the second part the participants were able to pose questions 

and share their opinion about related things they felt that were missing. The participants were 

thanked for their contribution and send home with a voucher for free bread at the local bakery.   
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Azjen’s (1991) version of the TPB includes the option to predict future behaviour based on one’s 

intentions. This connection is not made in this report, because future behaviour cannot be 

investigated (yet). The biodigester is currently not used in the proposed way and the separation 

behaviour of local residents is not clear yet. The amount of aimed participants is also not 

representative for the entire Wildemanbuurt and therefore not possible to generalise (which is 

necessary to determine future behaviour. This research aims to determine the intention of local 

residents to get some understanding of the feasibility of this project.   

1.2 REFLEXIVE INTERACTIVE DESIGN  

The methodology used to investigate the technical feasibility of biodigestion was to do both 

interviews with various stakeholders and a literature study using a Biosystems engineering 

approach. The data was collected through interviews with experts, stakeholders and a literature 

study. The data was used to satisfy the main aim for setting design criteria for the placement of a 

biodigester in an urban environment. 

To summarize the method used in this research the reflective interactive design (RIO) approach (Bos 

et al., 2009) is illustrated (Figure 4). In this project part 1: Systems and actor analysis was executed. 

 

 

 

 

 

 

 

 

 

 

 

 

When working on a Biosystems design or solving design problems various approaches can be 

followed. The reasons that we used this design approach were that a systematic design approach 

adopts both technical and social features for production systems; the problem and solutions take 

place in a reciprocal and iterative argumentative exchange between actual stakeholders and people 

who are needed for implementation (Bos et al, 2009). RIO is mainly used as structured design 

approach to effective reform existing systems using three different steps (e.g. System & actor 

analysis) and there elements (e.g. System analysis and Brief of Requirements). Steps used in the 

System and actor analysis will be discussed further. 

Figure 4. Schematic overview of Reflective Interactive Design (Bos et al., 2009) 
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1.2.1 Key challenges 

The first element used in the RIO design approach was step A; define key challenges (Bos et al, 

2009). During the problem orientation phase, key challenges needed to be identified (van den 

Kroonenberg and Siers, 2002). The team needed to work out a first, more detailed, description of 

the problem. The current problem needed to be described; group brainstorms and information 

search were tools to get a clear view about the current problem. Group brainstorm sessions were 

executed in meetings with the commissioner, the expert, and the coach and team members. 

Information search was done executing a literature study about the subject to get an overview what 

already has been investigated and to create general understanding about the subject. 

1.2.2 Systems analysis 

Within the system analysis one investigates, describes and visualizes both current and future system 

in which the problematic situation exists (Bos et al, 2009). In the system analysis, a description of the 

current situation is described. To describe the current situation regarding energy flows in the 

Wildemanbuurt a Sankey diagram (Schmidt, 2008) was used. This method visualizes and quantifies 

both inputs and outputs of the biodigester and hereby gives a general overview about the potent 

energy potentials. Also the translation of organic waste to energy is clarified, to get a better general 

understanding about the whole biodigestion process. 

1.2.3 Future visions 

A description of the desired future situation after the implementation of an urban biodigester was 

made. This vision of the future is based on knowledge and insights the writers of this article gained 

during this project and can be taken as indicator of where problems of the current system lay and 

what can be solved in the future. However one should notice that it is a sketch of the desired “TO-

BE” situation that was based on brainstorm sessions and/or interviews with stakeholders and team 

members. The different opinions towards a desired future situation were evaluated and taken into 

account in this report.  

1.2.4 Key actors and needs 

The fourth element is D; key actors and their needs. Usually many parties are involved and/or have 

an opinion about how the bio-digester should be governed. The key actors (stakeholders) of this 

project were analysed and their needs were defined, however first they were classified (Alkhafaji, 

1998). The background and viewpoints of different stakeholders were investigated by the User 

Scenarios Method (Cross, 2008). The method was used to question users about their experiences. 

Next a stakeholder typology was used to classify the stakeholder’s possession of power, legitimacy 

and urgency towards the digester (Mitchell et al,. 1997). Thirdly, the most important stakeholders 

were determined and described. The Brief of Requirements (BoR) was used to identify their 

demands and wishes. A stakeholder with the typology power has the power to impose its will and/or 

force certain actions, a stakeholder with legitimacy has legislative control of the system, and a 

stakeholder with urgency has the desire for the design to either be a success or not since it can help 

the person in or out of business for example. The analysis of key actors and their needs are discussed 

in the baseline.  

1.2.5 Brief of Requirements 

The Brief of Requirements (BoR) was used to transform the expectations from the most important 

stakeholders into requirements (Bos and Groot Koerkamp, 2009). The BoR was created by the 
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following activities: brainstorming, selecting and categorizing, defining the state of the 

requirements, quantification, and ranking the demands of the stakeholders. Mainly the 

requirements of the stakeholders were generated due literature study or brainstorms with 

stakeholders. For instance the requirements of the government can mainly be found using literature, 

looking at governmental legislation. For residents and employees requirements are mostly gained by 

interviews to determine their wishes. At the end of the BoR a list of unstructured requirements was 

generated from various stakeholders. 

The List of Design Criteria (LoDC), the main output of the technical research project, is a document 

which structures the requirements into design criteria which are structured in a way that one can 

find requirements fast and easy. This document is structured to the interpretation of both technical 

engineers and the demands of the commissioner. The LoDC fulfils the information in the form of 

design criteria to determine the technical feasibility of a biodigester in an urban environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

W A S T E  I S  O U R  E N E R G Y  

 

 

 

 

 

BASELINE ASSESSMENT 
 

 

 

 

 

  

 

 

 

 



2. Research area 

This research takes place in the Wildemanbuurt, a neighbourhood in Osdorp, Amsterdam Nieuw-

West (Figure 5). The majority of the area is built in the post-war period between 1958 and 1962. The 

rapidity of building did not contribute to “a long term high quality of living” as Burger (2015, p.68) 

stated. Although the neighbourhood includes some shopping areas and small companies, the main 

function of this area is living. The segregation of working, recreation and living in Amsterdam has a 

great influence on the liveability of the area (Nieuw-west express, n.d.). In the past, the 

Wildemanbuurt was inhabited by a homogeneous group of middle-class workers (Kalle, Kruythoff, 

Breuking, & Teule, 1996), today it is known as one of the poorest neighbourhoods of Amsterdam 

(Gemeente Amsterdam, 2016A). 

Figure 5. Map of the research area, adapted from Burger (2016). 
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2.1 POPULATION 
The Wildemanbuurt is inhabited by 4987 people, including many young (30 percent) and elderly (31 

percent) people (see Figure 6). As presented in Figure 7, 62 percent of the local community 

members have a ‘non-western’ origin, like Moroccan (30 percent) and Turkish (12 percent) (OIS 

Amsterdam, 2016). According to the municipality of Amsterdam (2016) the Wildemanbuurt is 

dealing with multiple problems. The area has a weak socioeconomic position, inhabitants are lower 

educated, earn and work less than average in Amsterdam (Gemeente Amsterdam, 2016B). 

 

Figure 6. Wildemanbuurt residents per age group 
 

2.2 HOUSING STOCK 
As illustrated in Figure 8, the majority (87 percent) of the housing stock in the Wildemanbuurt is 

owned by housing corporations (OIS Amsterdam, 2016) and consists for a large part out of post-war 

gallery flats and houses between 50 and 70m2 (Figure 9) (IOS Amsterdam, 2016). The flats and 

houses were formally designed to be small self-sufficient areas in terms of water, gas and electricity 

(Battum, 2002). They still are today, but no investment towards a more sustainable energy supply 

has occurred yet. Before the last economic crisis there were plans to renovate the area but due to a 

lack of money this transformation has never happened. Citizens are still uncertain about the future 

of the housing stock and a feeling of distrust towards ‘big institutions’ (e.g. government, health 

companies) is widely present (Schwarz & Thompson, 1990). One of the consequences of this feeling, 

as Burger (2016) stated, is that “it affects the attitude towards environmental behaviour, a collective 

good. People might be caring for the environment, but don’t believe personal activation leads to 

anything useful” (p.68). 
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Figure 8. House surface in m2.   Figure 9. Ownership Wildemanbuurt housing stock. 

2.3 CURRENT WASTE SITUATION  
There are multiple aspects of the waste management process. The separation possibilities, the 

content of the waste, and the current process of waste treatment are clarified in this chapter. 

2.3.1 Waste separation 

Waste separation in the Wildemanbuurt is, to a certain account, possible. Containers for glass, 

textile, paper and residual waste are installed around the area (Figure 10). Different containers in 

the Wildemanbuurt are not used properly, which is in line with documentation from the 

municipality, who state that many containers are not full when discharged. This could be due to the 

fact that the majority of the participants does not separate any waste, it all ends up in the same bag 

which than again cannot be distributed among the different containers. 

Additionally, many residents do not feel the need to use the containers at all and dump their waste 

wherever they seem fit. The reasoning behind this is that they did not see anyone getting fined for 

dumping their waste yet. Residents who used to separate stopped because, as they argued, were 

the only ones doing so. But not all residents feel this way and there are complaints about waste 

disposed next to the containers, litter and bulky waste are disposed at the wrong place (Gemeente 

Amsterdam, 2015), see Appendix A for examples of litter in the Wildemanbuurt.  

 

 

5% 
1% 

34% 

41% 

9% 

5% 
5% 0% 

House surface in m2 

till 40

40-50

50-60

60-70

70-80

10% 

87% 

3% 

Housing stock 

Privately
owned

Rent by
corporation

Rent by
private owner



27 
 

W A S T E  I S  O U R  E N E R G Y  

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

Figure 10. Type and location of waste containers in the Wildemanbuurt. 

Even though the waste might not be separated yet, the content should be known in order to find 

and evaluate alternatives for processing waste. The content of the Wildemanbuurt itself is not 

specifically known and therefore the current waste content of Amsterdam itself is used.  

Currently Amsterdam has an organic waste flow of approximately 250.000 ton/year (Gemeente 

Amsterdam, 2016.a), which is 489 kg/pp/year (Milieu Centraal, 2016)2. The solid organic waste is not 

separated, it belongs to the category of residual waste. This residual waste is mainly a mix of 

household waste and contains a significant fraction of organic waste. The composition of this 

residual waste is given in Figure 11, which illustrates that the largest part (40.4%) of the residual 

waste is VFG (Vegetables, Fruits and Garden) waste.  
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Figure 11. Composition in weight percentages of household residual waste in Amsterdam 2012 (CREM, 2012). 

2.3.2 Waste process 

As mentioned, Amsterdam does not separate household waste yet. The main reason behind this is 

the lack of space in resident’s houses (Brenninkmeijer et al., 2016). Amsterdam’s housing stock 

consists mainly of high-rise apartments with no room for multiple garbage bins. Due to the high-rise 

buildings, the effort is too high to separate the garbage in kerbside containers (Brenninkmeijer et al., 

2016). Currently, the waste is stored in plastic garbage bags and put on the streets or in garbage 

bins. The waste is then collected and transported to the waste processor. In Figure 12 the current 

garbage collection and treatment process can be seen, 68 percent of the residual waste is collected 

in underground storage. This waste is collected by special garbage trucks for underground 

containers. 23 Percent of the residual waste is collected from the streets and the rest is collected 

from different private kerbside containers (Kliko) outside the building. All the residual waste is 

transported with garbage collection trucks to AEB, the waste processor of Amsterdam. They 

incinerate the waste and use the heat which is released for generation of electricity, heat and ash. 
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Figure 12. Current process of garbage collection and treatment in Amsterdam. Drawing (Gemeente Amsterdam, 2016C). 

2.4 ALTERNATIVES   
Now that the current situation of waste processing in Amsterdam is known, an alternative 

processing method for the organic waste that is already in practice as well. This alternative is 

presented next to the current situation shown in Figure 12. The focus of this report is on the 

alternative situation with a biodigester implemented in the waste treatment process, this alternative 

is visualized in Figure 13. Within this process it is needed to separate the organic waste from other 

waste, and it would be ideal if garden waste is separated from other types of organic waste. The 

motivation behind this is that garden waste needs pre-treatment (shredded) to create better 

digestible particles. The separation can be done either at the source or after the collection of the 

organic waste. The alternative is not a new concept, but the knowledge about this alternative is still 

limited. A demonstration unit was built to overcome this knowledge barrier and to show what 

already can be done.  
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Figure 13. A visual of a possibility how the waste could be transported when designing an urban small-scale biodigester. 
Drawing adjusted from Gemeente Amsterdam (2016C). 

2.4.1 Demonstration biodigester unit 

Since last September, a demonstration biodigester unit is installed in the neighbourhood. This 

demonstration unit currently only digest old bread for social and educational purposes, but the 

desire is to expand the concept so that in the end a digester could become a serious energy source 

for the Wildemanbuurt while processing organic waste. 

2.4.2 Attitude towards demonstration biodigester 

Mr Bouhbouh explained that all residents of the Wildemanbuurt know about the existence of the 

bio-digester, but reacted surprised and sceptical about the idea of turning bread into gas. Currently, 

Containers for glass, textile, paper and 
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area.  
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only one activity took place at the digester. Women that attended this activity were asked about 

their opinion about the demonstration unit.  They liked the existence of the digester and explained 

their intention to bring old bread to the reactor. Two women, that joined the activity to improve 

their Dutch, spoke enthusiastically about this innovation and like to continue with similar activities. A 

general complaint was related to the location of the digester. Locals argued that it is too cold to cook 

outside. The demonstration unit might be placed in a container, when cooking the door is open. Mr. 

Bouhbouh explained that people have no incentive to randomly visit the digester: “people are 

attracted by the smell of food, when food is prepared they will stop and look what is happening”. 

During the focus group some participants argued that they did not visit the digester because they 

heard all the bread that has been collected in three months results in only two hours of gas. 

2.4.3 A future vision of the biodigester in the Wildemanbuurt 

An alternative way of processing the organic waste streams involves change. There will be different 

people who will be affected of affect such a change. These people are called stakeholders and will 

have a different ideal vision of the eventual operation of a biodigester. A sketch is made of a possible 

future situation where most stakeholders will be satisfied and the possible designer/constructors of 

the digester know what goal they should pursue.   

In the ideal future situation, all stakeholders are satisfied with the design, and it should be a 

probable feasible situation. The biodigester achieves the highest potential when the residents of the 

Wildemanbuurt and the local organic waste producing companies are all participants in a waste 

separation system and donate their organic waste streams to the biodigester. The biodigester is able 

to process the provided input sources and valorise the waste by the production of biogas. The 

biodigester can accommodate itself with the energy produced, so that the system can operate as a 

closed system independent from third parties.  

This situation could provide the primary producer a proper income by both maintaining the digester 

and make a living. The used waste from all the participants is valorised by the biodigester. The 

people who participate could get rewarded by a cut-down in the energy bill or by social activities 

within the neighbourhood set up by the primary producer from which the participants can benefit. 

The digestate and effluent are properly treated so that it can be used as fertilizer for either city 

green/gardens and or farmers nearby. 

Since there are multiple stakeholders and their vision is required to obtain the most feasible 

solution, a stakeholder analysis is performed and clarified in the following chapter. 

2.5 KEY ACTORS AND NEEDS 
Chapter 1.6 will guide the reader through the key actor analysis and their needs regarding a small-

scale biodigester. A stakeholder analysis is carried out in which the important stakeholders are 

defined using a stakeholder typology and their relationship towards the project is made clear. The 

stakeholders are used to extract the requirements, for the next design step, that seem fit for the 

design of an urban biodigester.  

2.5.1 Stakeholder analysis 

The stakeholder analysis describes the relevant responsibilities and concerns in relation to the 

biodigester in an urban environment. The stakeholders that have influence on the requirements of a 

biodigester for local energy production in the Wildemanbuurt are defined according to the typology 
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of Mitchell et al. (1997), see Figure 14. The numbers in Figure 14 are linked to the stakeholders table 

3. and are further discussed in the extensive table in Appendix G. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Graphical visualization of the stakeholder typology. 

Stakeholders possessing only one typology are ‘latent stakeholders’. For example ‘dormant 

stakeholders’ only have power, ‘discretionary stakeholders’ have only legitimacy, and ‘demanding 

stakeholders’ have only urgency. ‘Expectant stakeholders’ possess two of the three typologies, for 

example ‘dominant stakeholders’ have legitimacy and power, legitimacy and urgency possessing 

stakeholders are called ‘dependent stakeholders’, and stakeholders that possess power and urgency 

are called ‘dangerous stakeholders’. The stakeholders possessing all three aspects are called 

‘definitive stakeholders’. Stakeholders that are not by definition or background classified in one of 

the types are dynamic, moreover within a process a stakeholder may switch between types. 
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No. Stakeholder No. Stakeholder No. Stakeholder 

1 NGO 8 Constructor of 
equipment and tools 

15 Waste processor 

2 Government 9 Public representative 
and policymaker 

16 Representative of the 
primary producer 

3 Municipality 10 Inspector 17 Designer 
4 Residents 11 Primary producer 18 Employees 
5 Energy company 12 Consumer 19 Contractor 
6 Knowledge institute 13 Buyer/retail 20 Breeder of bacteria 
7 Constructor of housing 

and devices 
14 Developer of processing 

technology 
21 External expert 

Table 1. Showing the different stakeholders stated in the stakeholder typology in Figure 14. 

2.5.2 Key stakeholders 

Definitive stakeholders are the most important in a project (Mitchell et al., 1997). Two exist in the 

current study: the residents (number 4) and the primary producer (number 11). The residents of the 

Wildemanbuurt can make or break the project; if they do not cooperate with the recycling of organic 

waste, the project is not feasible. If they complain about noise, odour and/or other emissions, they 

could be limiting. The primary producer is the local energy company or the people running the 

company, who will be very supporting and will have to deal with all aspects that concern the 

execution of a successful business.  

The second most important stakeholders are the expectant stakeholders categorized in dangerous-, 

definitive-, and dependent stakeholders. This are the NGO’s (number 1), consumers (number 12), 

government (number 2), municipality (number 3), public representative and policymaker (number 

9), inspector (number 10), waste processor (number 15) and employees (number 18). 

The NGO’s are the Lucas Community and The Beach. They collaborate between the residents of the 

neighbourhood to increase the socioeconomic conditions in the neighbourhood. The NGO’s are 

dangerous stakeholders since they are the ones who picked up the problem and can drop it at any 

time. However, they have an urgency in the project as well, since they are motivated to improve the 

socioeconomic conditions in the neighbourhood. This reveals their position, which is supporting. 

The consumers are the residents in the neighbourhood who are willing to contribute to the project. 

The consumers have the power to either buy the product or not. They can be willing or not, which 

makes them both supporting and limiting at the same time. They could have a demand for more 

sustainable energy or can be against higher prices. Since the consumers are the residents and there 

are no consumers yet, they will not carry out new requirements and will not be used to set up design 

criteria. 

The government and the municipality want to control the way waste is treated and have general 

legislation laws in terms of finance and sustainability. They could support the project if it seems 

relevant and important to them and for their overall city goals, but if it is not in their long or short-

term goals, they can be limiting in terms of lack of support and legislation laws. This makes these 

stakeholders dominant and their requirements on regulations and legislations needs to be 

examined.  

The public representative and policymaker make legislation about the outputs, employment and 

design of the digester. The public representative and policy maker will keep a keen eye on emissions, 

odours and possible noise that could negatively impact the community. Therefore he will be limiting. 
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He is powerful and will work with legislation and rules to satisfy other stakeholders. Due to the fact 

that this stakeholder is both in function of other stakeholders and is not an existing stakeholder yet, 

it will not carry out new requirements and will not be used to create design criteria. The same goes 

for the inspector that makes sure that the legislation rules are followed. For this reason the 

inspector will be limiting. Therefore it is important to work within the laws of governmental 

legislation.  

The waste processor processes the waste of the local energy production unit. The waste processor 

will have to make sure his procedures for waste will keep intact, even with the additional waste, and 

they can extend business when being involved in the project. This makes them dependent 

stakeholders that are in a supportive position. The regulations and legislation to deliver useful waste 

to our waste processor needs to be examined. 

Future employees for the biodigester, which could become an energy production unit, are preferably 

the people from the neighbourhood themselves. This can only be the case if the expertise required is 

either taught to them or is not required during daily practice. The employees of the company can 

both be supporting and limiting. If they are properly motivated to work they will be supportive, if 

however they are not motivated and do not like the working environment they can limit the project. 

Since the people will need a job and the company needs people they have an urgent typology. They 

have a legitimacy side as well since the company will have to fulfil social legislations. Requirements 

need to be investigated to create attractive job opportunities. 

The most important stakeholders will be investigated for their requirements for a local urban small-

scale biodigester in the Wildemanbuurt. These are listed below: 

Definitive: 

 No. 4: Residents 

 No. 11: Primary producer 

Expectant: 

 No. 1: NGO 

 No. 2: Government 

 No. 3: Municipality 

 No. 15: Waste processor 

 No. 18: Employees 
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SUMMARY PART I  

The project can be viewed as social feasible if the majority of the residents are willing to participate 

in the separation of organic waste and accept a local biodigester. Key of the behaviour of residents 

in this project is waste separation. The Theory of Planned Behaviour is used to determine the 

intentions of residents towards waste separation behaviour in the Wildemanbuurt. Attitude, 

subjective norms and perceived behavioural control are aspects that are assessed on their influence 

in the intention for that behaviour. Literature, interviews and focus group discussions revealed 

factors that have the most impact on intentions. 

A short view of the results: 

-      Attitude: two attitudes were most present, namely: attitude towards waste separation and local 

sustainable energy production. In general residents showed positive attitudes, however their 

willingness to actually perform or contribute to that behaviour is questionable. 

-      Subjective norms: Especially community norms as social pressure is highly present. Trusted and 

known community members could help increase social pressure in order to separate waste.  

-      Perceived behavioural control: The majority agreed that accessibility to waste containers need 

to be improved; they should be close by and easy to use. Time and lack of authority were 

discouraging factors. Furthermore, there exists a lack of knowledge regarding the biodigestion 

process. There is a big enthusiasm for rewarding positive behaviour.  

These previous aspects can increase or lower the intentions of residents to separate waste. The 

mean conditions to increase one’s intention to separate waste are:  

1. The activity of separating organic waste is convenient  

- Access to waste facilities needs to be ensured and installed in every street 

2. They have a reason to believe their organic waste separation behaviour has effect 

- Ideally, the digester should make the neighbourhood independent from energy companies, 

improve social cohesion in the neighbourhood and create employment for the residents.  

3. They get something in return from their effort. 

- If participants receive a reward for proper separation behaviour they may be more willing to 

continue with waste separation.        

 

 

 

 

 

  



3. Introduction  

The TPB will be used to determine the social feasibility of a biodigester in the Wildemanbuurt. This 

chapter starts with a more detailed description of the theory to specify its relevance and importance 

for this research. Other relevant literature will also be discussed here. Secondly, a description on 

similar studies in the Netherlands is discussed. The methodology will follow thirdly, followed by a 

visual and textual presentation of the results of this study. Finally, the results will be discussed and 

concluded. 
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4. Literature review  

There are many factors influencing (the intention for) recycling behaviour, according to scholars. 
These factors are discussed below, structured around the Theory of Planned Behaviour (TPB). 

4.1 ATTITUDE 
Attitudes are concerned with either the positive or negative evaluation of outcomes of performed 

behaviour. A negative attitude towards biomass facilities could be caused by several factors. Upreti 

and Van der Horst (2004) argue that ‘a lack of trust’ towards the responsible organisation is a key 

aspect. Lack of knowledge and proper understanding of biomass technologies and waste 

management issues are possible causes for this attitude (Achillas et al., 2011). This knowledge gap is 

often the result of unclear communication towards the public and bad relation strategies. The 

chance of the development of a ‘NIMBY (‘Not In My Back Yard’) syndrome’ in an area is larger when 

the community does not have any similar previous experience, or have a negative experience with 

biodigestion in the past. Densely populated areas show a higher risk of resistance (Achillas et al., 

2011). From Upreti & Van der Horst (2004) study, a set of criteria is distilled to take into account 

when implementing biomass-to-energy technologies in an area: 

 Ensure thorough consultation of the relevant stakeholders in advance, including the public; 

 Reduce risk perception by ensuring that stakeholders have full information; 

 Make the public aware of the differences between biodigestion and waste incineration; 

Waste incineration may have a bad reputation due to the emission of pollutants; and 

 Show a pro-active attitude towards emerging issues like planning permission, technological 

development, market conditions and changes in regulation. 

 

4.2 SUBJECTIVE NORMS 
Barr et al., (2003; 2007) studied the effect of subjective norms on recycling behaviour. They made a 

distinction between the awareness of the norm to recycle, and acceptance of the norm to recycle. 

Though the acceptance of the norm to recycle yielded different results in both studies, he also 

discovered that awareness of the norm to recycle did influence behaviour. Barr et al. (2003) 

mentioned the visible nature of kerbside recycling as a possible explanation for this behaviour. 

Perrin and Barton (2001) confirm the explanation of Barr et al. with their observation that 72.4 

percent of their respondents recognised their neighbours frequently leaving their recycling bin out 

for collection, even though many did not identify peer pressure as a reason to recycle. 

A reason for a missing connection between subjective norms and recycling behaviour may also be 

that the threshold number of the community members that are recycling is not reached (yet). The 

 

 Attitudes are concerned with either the positive or negative evaluation of 
outcomes of performed behaviour. 

 A lack of knowledge and understanding of biomass technologies and waste 
management can explain negative attitude towards biodigestion 

 A lack of knowledge results of bad communication, no previous experience 
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influence of awareness of the norm on recycling behaviour should nevertheless also not be 

overestimated, because this may probably have a larger influence on the frequency of extra waste 

bags that are set out than on the level of participation, in the form of the weight of the total number 

of bags that are set out (Tucker, 1999).  

 

4.3 PERCEIVED BEHAVIOURAL CONTROL 
As explained in the introduction, perceived behaviour control is about one’s perception that certain 

factors exist and have the power to influence people’s waste separation behaviour. Several factors 

will be discussed below. 

4.3.1 Convenience 

The literature is unanimous about the influence in recycle behaviour of the factor ‘convenience’ (e.g. 

McCarty & Shrum, 1994; Perrin & Barton, 2001). This might not be surprising, since waste separation 

requires efforts on the part of the individual as household waste must be sorted, prepared and 

stored (Ghani et al., 2013). Consequently, several factors have to be considered in the separation 

decision, related to the recycling scheme and facilities. Distance to the recycling site, its location, 

items that can be recycled at the site, type and design of the recycling scheme and the level of 

change required on the part of the recycler are examples of these factors (Barr et al., 2003; Perrin & 

Barton, 2001). Personal factors mentioned are the time the participant has to dedicate to this 

activity and space (Barr et al., 2003). Bernad-Beltrán (2014) added, specifically for biowaste, the 

need to use an additional waste bin in the household and biodegradable bags to collect biowaste. 

However, these bins and bags could also serve as a visual reminder for the participants to separate 

waste (Perrin & Barton, 2001).  Then there are also the characteristics of the recyclable material 

itself that has an influence on the convenience of its recycling. Perrin and Barton (2001) identify 

three factors important in this: 

1. when and where the waste material is generated; 

2. if it requires immediate storage; and 

3. households recognition of its recyclability 

 

They analysed three types of waste according to these factors, though they did not do this for 

organic waste. This could nevertheless be done here anyway. Organic waste is (1) generally 

generated during the busiest periods (i.e. during food preparation and after dinner), (2) is perishable 

and therefore requires an immediate storage point away from where it was generated and (3) the 

recovery of this material is probably moderately recognized, because on the one hand, organic 

waste recovery has already been used for ages in agriculture in the form of compost on land or 

animal feed, but this practice has been decreasing due to for instance the use of chemical fertilizer 

and legislation that restricts the use of food waste for feeding (Salemdeeb et al., 2017; University of 

Illinois, 2016). In addition, the facilities for organic waste recycling are not available in many 

locations. Based on the analysis of Perrin and Barton (2001), the recovery of organic material is 

expected to be low, but information and facilities could improve this. McCarty and Shrum (1994) 

found that the perception of (in) convenience could even have an influence on attitude towards 

  Subjective norms cover the expected evaluations of others on one’s behaviour 
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recycling. The more individuals considered recycling as inconvenient, the less important they 

considered it to be. 

4.3.2 Knowledge 

Knowledge about local recycling services is also considered important in influencing both the 

intention to recycle and the behaviour itself (e.g. Ebreo & Vining, 2007; McDonald & Ball, 1998; 

McDonald & Oates, 2003). Plenty of methods exist to inform people in order to increase their 

knowledge on recycling. An obvious method, since the costs are relatively low compared to other 

methods, is using educational material, for example leaflets or adverts in newspapers or magazines. 

However, the opinions about its effectiveness differ. McDonald & Ball (1998) found that 95.1 

percent of the residents of a community became aware of the recycling system through a leafleting 

campaign, while adverts in a local newspaper made little effect in another community. Bernstad 

(2014) on the other hand, found no significant impact of a leafleting campaign about food waste 

separation in Sweden. Another downside of leaflets is that is can be regarded as junk mail, and 

people dispose themselves of them without noticing the message of the leaflet. The same behaviour 

could be found with other types of mass media; people learned to select information that they 

consider relevant to them, while not paying attention to the rest (Bernstad, 2014). Any written 

information campaign should therefore be accompanied with sufficient publication. It is indicative 

that in a study in Glasgow, seeing the waste bins themselves was for more than 80 percent of the 

residents the biggest source of information on the existence of the scheme (McDonald & Ball, 1998). 

4.3.3 Content of the information 

Bernstad (2014) mainly attributed the lack of success of the campaign in Sweden to the message of 

the campaign itself. The deficiencies of the campaign were that it overestimated the background 

knowledge of the receiver, not taking into account the language difficulties of a part of the 

population, timing of the campaign (it coincided with the summer holidays) and a contradictory 

message. Barr et al. (2003) noticed that people do not only need to know where to recycle, but also 

what (and what not) to recycle and how to recycle. Martin et al. (2006) would add the why to recycle 

to this list, since “most householders do not understand why they, rather than the local authority, 

should separate their waste” (p.393). 

This knowledge can best be gained by giving information specific to the household, apart from the 

general information on recycling. Giving personal feedback about the recycling performance of the 

household, for example in the form of letters, yielded very positive results, especially on the part of 

reducing contamination of materials (Perrin & Barton, 2001; Timlett & Williams, 2008). Giving 

feedback therefore really contributes to improving the knowledge of the participants on recycling. It 

therefore consequently increases the participation in a recycling scheme. The feedback is most 

effective when it is delivered on the collection day, since that is the moment when recycling is more 

forward in people’s minds (Timlett and Williams, 2008). 

4.3.4 Face to face 

Other tested methods are face-to-face information campaigns, for example by ‘doorstepping’. 

Timlett and Williams (2008) found that participation in the service and the range of materials 

recycled increased after people had an interaction with a doorstepper. However, this effect is only 

relative, since the relatively high costs, time and effort this method requires allows for fewer 

households to be reached compared to written material. Another risk is the ‘salesman syndrome’: 

residents have the impression the doorstepper is trying to sell them something and a consequence 
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refuse to cooperate (Read, 1999). Whatever method is chosen, research showed that information 

should be provided in a regular frequency rather than a single communication event in order to have 

effect (Read, 1999; Timlett and Williams, 2008). 

4.3.5 Importance of trust 

A factor that seems to be under investigated is the amount of trust participants have in the waste 

management system. In a study of Bernad-Beltrán (2014) 31.1 percent of the respondents distrusted 

the waste management system. This distrust could be attributed to the effect people expect from 

their recycling behaviour in terms of environmental benefits. Negative reports about for example 

their carefully separated waste material being mixed later in the system may negatively influence 

participants recycling behaviour (Bernad-Beltrán, 2014; Refsgaard & Magnussen, 2009). 

4.3.6 Socioeconomic factors 

Higher income households tend to show a higher support for domestic recycling than lower income 

households (Bernad-Beltrán, 2014; Martin et al., 2006). This may be explained by the lower 

willingness to pay for recycling services by lower income households. Chung and Poon (2001) 

nevertheless found a reversed connection in Guangzhou (China), because lower income households 

benefited here from recycling by selling it to recyclable depots or to scavengers. Since lower income 

households generally inhabit smaller houses, the issue of space may also be an argument for these 

households to not be able to recycle. After all, recycling generally requires extra bins to store the 

different waste materials. Lack of space is at least mentioned frequently as an obstacle to recycle 

(Barr et al., 2003; Bernad-Beltrán, 2014; McDonald & Oates, 2003). 

4.3.7 Demographic factors 

Studies showed that the intention to recycle was slightly more present among men than women 

(Bernad-Beltrán, 2014; Chung & Poon, 2001). Chung & Poon attributed this to the fact that women 

in China are taking for the largest part of the household task and waste disposal is thus their 

responsibility. Young people are more willing to pay for the implementation of a recycling system, 

though on the other hand, older people are more likely recycle since they generally have more time 

to dedicate to this task (Bernad-Beltrán, 2014; Martin et al., 2006). Ethnicity shows a more complex 

effect on recycling behaviour. Perry and Williams (2007) found that there is a difference between 

first generation ethnic minorities and the second and third generation in recycling attitudes, 

opinions and behaviours. Ethnicity mainly plays a role for the first generation, because the second 

and third generation show similar behaviour to the ethnic majority of an area. The authors also 

pointed out first generation ethnic minorities generate relatively more organic waste than plastic, 

glass and aluminium waste, and recycling of organic waste might therefore be most interesting to 

them. 
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4.3.8 Economic incentives 

Economic incentives have proven to have effect on the participation in recycling schemes (Ebreo & 

Vining, 2007; Sidique et al., 2010). Economic incentives could be in the form of reward or 

punishment. However, the effect of rewarding is not long-lived. External rewards show to have only 

short term effect hence recycling behaviour does not stay on the same level. Variable pricing 

however, in contrast to fixed costs, do have a long-term effect on behaviour. An example of variable 

pricing is pay-as-you-throw schemes (Sidique et al., 2010). 

 

 

 Perceived behaviour control is about believes and power of factors that 
facilitate or impede behaviour 

 Convenience (e.g. containers close by, easy in use, time effective) is a key factor 
in waste separation behaviour 

 Knowledge and promotion (e.g. what, where, why, how to recycle) can 
positively influence separation behaviour, when given the right way 

 A lack of trust in waste management systems can negatively influence waste 
separation behaviour 

 Lower income households recycle and separate less than high income 
households 

 Economic factors (e.g. reward or punishment) have only a short term influence 
in recycling behaviour 
 



5. Waste separation methods in the Netherlands  

There are multiple studies conducted towards waste separation behaviour in the Netherlands 

(CREM, 2016; VANG, 2016 & Langeveld, 2012). CREM (2016) examined waste separation in the 

Bijlmer, a district in Amsterdam. This area is similar to the research area of this project, thus findings 

and recommendations are very useful to compare. CREM (2016) aimed to determine factors that 

influence waste separation behaviour during a pilot of six months. The pilot was designed to 

determine if residents would change their waste separation behaviour when service and 

convenience increased (e.g. waste drop off closer to houses, containers easy in use etc.). Service 

improved through helping residents to better save waste in their house by supplying bin bags. There 

were different bags: a green one for organic waste, blue one for paper, orange for plastic and red for 

textile. One large container was placed with similar colours as the sacks. Residents got a starter 

package with the different bags, information about waste separation and a small bin for organic 

waste collection. A few results were very interesting for this project as well. The first one is that after 

the starting date of the pilot, collected organic waste was in decline, the strongest decline among 

other waste streams. Another interesting point is that the most favoured location for containers on 

the street was in the porch of their flat. Furthermore, non-separators said that a favourable location 

of containers could contribute to their motivation to separate organic waste. Moreover, 

CREM’s  (2016) findings showed that the intention of residents to separate waste can be increased 

by mainly financial incentives, clean containers and contributing friends and family.   

 

Langeveld (2012) conducted research towards organic waste in high-rise buildings in multiple 

municipalities. He concluded that collecting organic waste is successful in high-rise buildings. In 

addition, per area there should be looked for the suitable collecting method for organic waste. One 

of Langeveld’s (2012) findings was that cities with more than 100,000 inhabitants working with a 

diftar system (Apeldoorn, Nijmegen, Maastricht) and have a collection method within high-rise 

buildings, have higher levels of submitted organic waste and less residual waste. Diftar is a system 

that does not use one general tariff but works with variable tariffs for households. the amount of 

waste that is disposed is registered per households. The higher the amount, the higher the tax. 

Furthermore, Langeveld (2012) listed  systems that had promising results. The first one was storage 

systems like biodegradable bags that have less smell and odour. Secondly, collection of organic 

waste with mini-containers where possible. Third, collection using coloured bags. Lastly, systems 

that create an incentive for residents, e.g. in combination with diftar, rewards for waste or contract 

deals. Another report (Vereniging Afvalbedrijven, 2014) mentioned a zero-tariff for organic waste in 

combination with diftar a success story. 64 kilograms of organic waste per resident is disposed more 

than without the zero-tariff. In addition, residents save expenses because processing residual waste 

is more expensive than processing of organic waste. Another study (VANG, 2016) is conducted to 

find out powerful instruments to convince a community to separate waste. VANG listed twelve 

instruments to increase waste separation in high-rise buildings. Table 2 represents some instruments 

and an explanation, adapted from VANG (2016). 

 

What How Examples 

Influencing 
attitude 

By informing people on the 
consequences of (not) separating 

- Promotion material as flyers, poster and 
videos 
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waste. People need to be 
informed about the outcomes of 
certain behaviour. The usefulness 
of separating waste needs to be 
clear to people. 

 
- Local demonstration of what is done 
with disposed waste 

Strengthen 
personal 
norm 

The success rate of waste 
separation at the source depends 
on the personal contribution to 
the community of each resident. 
This appeals to the norm and 
moral obligations. 

- Promotion e.g. ‘’if YOU separate waste, 
WE make ENERGY’’ and “Als goede 
burger draag je een steentje bij” (“A good 
citizen contributes”).       

Facilitate 
storage in 
houses 

Facilitate first stage of separation: 
separating waste stream at the 
sources 

- Provide bins or bags for different waste 
streams 
- Colour, symbols and text can help 
provide information on the content of 
each bin/bag 

Strengthen 
subjective 
norm 

By informing people how many 
people already are involved in 
separating waste 

- A counter in a flat who counts the 
number of residents that is already 
separating waste 
- If no one separates waste yet, place a 
counter that keeps track of how many 
people in the neighbourhood, city or 
country. (e.g. 50 percent of Dutch 
households separate waste) 
- Spread pictures of known people in the 
neighbourhood separating waste 

Social 
modelling 

By designating an exemplary role 
to known and respected people in 
the neighbourhood. 

- Imam or school teachers leading by 
example and separate waste and spread 
the word 

Adjusting 
distance to 
containers 

By adjusting physical and mental 
distance to containers 

- Physical: containers should be closer to 
homes 
- Mental: containers should be on places 
that are on the route of people  

Recognition 
and 
perception 

Increasing the conspicuousness of 
containers and to create a positive 
experience of containers 
(placemaking) 

- Containers designed by local people 
- Striking containers 
- Placemaking: benches and plants 
surrounding containers, free Wi-Fi, 
information on waste streams 
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Rewards By rewarding desired behaviour - Saving system 
- Rewarding a whole flat. This to increase 
the social pressure on residents who did 
not participate in waste separation. The 
chance that they are going to participate 
afterwards is higher. 
- Individual Reward to make the 
connection to the consequence of waste 
separation behaviour, the reward could 
be something that is made from recycled 
waste, for example clothes or garden 
compost. This reminds people of the 
desired behaviour and could therefore 
contribute to an attitude change. 

 



6. Results  

In this chapter, the data collected during the interview and focus group discussions is discussed. The 

results are structured according to the Theory of Planned Behaviour. 

6.1 INTENTION 
The focus group discussions resulted in information about the factors that might determine the 

intention for separation of organic waste of the respondents and the attitude towards local energy 

generation using biodigestion. In the following Figure, the results are shortly presented. Further in 

the chapter, the aspects are individually extensively described.  

 

Figure 15 TPB with factors influencing the intention of separation of organic waste. 

6.2 ATTITUDE 
As previously explained, attitudes are either positive or negative evaluations of expected outcomes 

of performed behaviour. In this project, two attitudes deserve more attention, the attitude towards 

waste separation and the attitude towards local sustainable energy production. The associated 

performed behaviour is the separation of waste and the production of sustainable energy relatively. 

6.2.1 Waste separation 

The respondents showed mostly positive attitudes towards separated waste. Three outcomes were 

linked to separate waste. Firstly, some respondents linked separated waste to ‘’a better 

environment’’ and argued that an improvement in environmental status is always good and 

important: ‘’we have to take care of our planet’’. No underlying arguments were made to support 

the causal relationship of separated waste and ‘’a better environment’’. Secondly, recycled waste 
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was expected to have more economic value than non-recycled waste. Participants that were already 

familiar with the biodigester especially mentioned this. Lastly, some respondents expected less litter 

in the neighbourhood if waste separation was subjected to their daily routine. Nevertheless, not 

every outcome of waste separation behaviour was evaluated positively. The increased effort in 

housekeeping as associated with separating waste behaviour had a negative undertone, as one 

said:  “I don’t feel like dividing my waste in plastic, compost, paper and glass after every meal”. 

6.2.2 Sustainable energy 

According to the respondents, produced sustainable energy had expected outcomes as: a cleaner 

environment and thus improved health conditions, independence of big traditional energy suppliers 

(e.g. Middle East countries) and an infinite energy supply. All the expected outcomes were perceived 

as positive, however respondents were not convinced of the possibilities to perform that behaviour. 

These aspects are connected to perceived behavioural control and will be further elaborated.  

6.1 SUBJECTIVE NORMS 
As explained previously, subjective norms are about “the individual’s perception of social pressure to 

perform or not perform the behaviour” (Ghani et al., 2013, p.1277). The following conclusions can 

be drawn from the interviews and focus groups at the Wildemanbuurt. Waste separation in the 

Wildemanbuurt does not receive a lot of attention, according to the inhabitants. However, old bread 

is separated, since the Islamic tradition says bread should not be wasted but given back to the earth. 

Therefore, many locals throw their bread on the street, which attracts rats and mice. People 

explained that they are willing to bring the bread to the digester but they believe that everybody has 

to do so to solve this rat and mouse problem. They do not believe that this will happen in the 

Wildemanbuurt, since “people are not well informed, and have no incentive to do so”, according to a 

resident. She continued: “If you want to collect the bread from the entire Wildemanbuurt, you need 

to start inviting the people we know and/or trust: Imam, teachers, local social workers et cetera. 

Inform them clearly what is in it for us”. The data collected during the focus groups made very clear 

that the road to success is through face-to-face promotion. One of the respondents said: “I like this 

idea, I hate the rats, I see and understand what you are trying to achieve. When I go home tonight, I 

tell my wife to bring the old bread to the digester, she will tell her sister to do the same. In my 

opinion, that is the best way to go”. Mr. Bouhbouh gave his final remark and said: “people are good, 

people want to do nice things, you just have to explain them how to do so and social pressure will 

become a positive thing and, in my opinion, the road to success for a better future in the 

Wildemanbuurt”. 

6.2 PERCEIVED BEHAVIOURAL CONTROL 
Perceived behavioural control is about the confidence of people in their ability to perform behaviour 

(Azjen, 1991). Contrary to attitude, these are non-motivational factors, such as the availability of the 

required opportunities and resources (e.g. time, space, facilities etc.). 

The people that joined the focus groups were concerned about several factors that have a negative 

influence on the desired behaviour in order to successfully implement the biodigester in the 

Wildemanbuurt. One respondent mentioned that she did not have time for waste separation and 

therefore she did not do it at the moment. The main nuisance to separate waste currently was the 

lack of access to waste containers for recyclables. Increasing this access was the solution where 
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everyone agreed on. One respondent said: “I am quite willing to put my waste into different bins at 

home and bring it outside, but if I bring it outside and I cannot dump it anywhere, my waste is just 

going into one single bin”. In the end, this short phase of optimism changed back to scepticism. The 

inhabitants argued that they are not in the position to make a real change in the neighbourhood. 

They believe the government and “other powerful organisations” always have the last word, 

whatever they would do themselves. They perceive a lack of knowledge to stand up against, what 

they called, and ‘these powerful organisations’. 

 

The respondents were strikingly positive about recycling. Most of them said to be willing to separate 

waste. They agreed that every street should have containers for waste recycling. Long walking 

distances to these containers would discourage them to separate waste. For one respondent, this 

was already the reason he disposed his old bread in the container for the biodigester. Recycling 

facilities should be close by, but also easy to use. Another respondent admitted that he did not 

always recycle glass waste, but for another reason, “because no one tells me I should separate it”. 

Apart from distance, time and authority play a role as well. One respondent said that, even though 

he estimated the chance of success higher when access to recycling facilities improved, he still 

doubted full participation because people have no reason to recycle. Others explained that they 

gave up collecting bread in their flat or separating waste because there is no consequence for the 

people who break the rules. Mr Bouhbouh: “people don’t need an award, but they want to have the 

feeling that their effort is not a waste of energy”. A response to this was to offer a reward for 

recycling, for example money. Other examples of rewards mentioned were lower energy costs, 

lower taxes or ‘statiegeld’ (deposit money). One member of the Energy Shop from the LC suggested 

using the ‘Wildemannetjes’ for recycling. This is a system in which people save for discounts at shops 

and restaurants in the Wildemanbuurt. Another member believed in setting up a biogas cooperation 

in which everyone can become a member and in turn receives gas from the biodigester. The extra 

revenues are used to pay for community activities. His idea was answered with a lot of enthusiasm 

and people started to propose ideas instead of describing the negative features of the area. For 

example: “we don’t want to walk so far to the digester” was transformed to “maybe we can place 

some boxes in the neighbourhood and only one person has to bring it to the digester”. Making their 

own ‘Osdorp gas’ with and for the community and as a consequence creating independence from big 

energy companies or the government was already sufficient reason for them to participate in 

recycling. A woman said: “it is just, we have so much other things to worry about, if we also have to 

think about waste separating... I don’t know, I think there has to be something in it for the people, a 

difference we see…” However, not everyone agreed that rewarding would work for the residents of 

the Wildemanbuurt. One respondent explained: “I already live for almost forty-five years in this 

neighbourhood. The core of this neighbourhood is that there are people living here that do not feel 

like doing anything; do not participate anywhere, they only think of themselves. Only when they can 

gain something, they are present in the beginning. After a while, this stops, just because it is in the 

mentality. One can reward, one can do things, but it only helps for a while and after that it just 

stops.” Rewarding thus only works temporarily. 

6.4.1 Biodigester demonstration unit 

The biodigester demonstration unit is also seen as a factor that can increase one’s intention to 

separate waste. The demonstration unit can serve as a mean to create social cohesion and to 

increase knowledge about the biodigestion process. During the focus groups it became clear that 
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scepticism about generating energy exists. When he was told that the demonstration unit was used 

for the first time that morning to cook for one hour, one person responded disappointed: “That 

thing stands there for 3, 4 months, and you managed to cook for only one hour? Well, if one has to 

throw bread into that thing for one hour, most people would say: “well, thank you”. This was the 

general opinion of the respondents in the focus group about the biodigester demonstration unit. 

They however expected more of the bigger one proposed in this project. 
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7. Discussion  

Currently, biowaste separation is not stimulated in the Wildemanbuurt. The existing containers for 

glass, paper, textile and residual waste are not properly used. Apparently, the presence of those 

containers alone does not motivate the majority of the residents to separate their waste. According 

to literature, young and low-income residents separate less than others. This applies even more for 

first generation migrants in the neighbourhood. It should be noted that the ethnical background of 

Wildemanbuurt resident is different than that of the participants in these studies. If approached in 

the right way, the demographic and socio-economic composition of the Wildemanbuurt could 

become an advantage for the success of this project. First generation migrants seem to produce, 

compared to other groups, more organic waste and therefore could be more interested in this 

project than projects about the separation of other types of waste materials. Research showed that 

low-income groups recycle more when they personally benefit from it. The results from this project 

confirm this, expressed clearly by this woman: 

“It is just, we have so much other things to worry about, if we also have to think about waste 

separating...I don’t know, I think there has to be something in it for the people, a difference we 

see…”. 

If local residents can benefit from the biogas they might already be motivated enough to start 

participating in the project. As argued by a participant and in line with the literature, it is expected 

that economic rewards only play a short-term role in people’s motivation towards waste separation. 

When the consequence of the behaviour is fixed (i.e. does not change when desired behaviour 

occurs), motivation decreases after a while. A feedback mechanism in the incentive system proves to 

be more successful. 

Another important inside can be found in the community’s desire for a general benefit from the 

digester. Their attitude towards waste separation is not only influenced by personal motives but also 

because of environmental values. These participants explained that producing energy, together with 

other citizens, is an important incentive for them to join the project. The few local inhabitants that 

already deliver their bread at the digester, learned about the possible economic benefits of 

biowaste, which motivated them to continue with bread delivery. They argued that others (i.e. 

friends, family) in the neighbourhood believe the current digester is inefficient given its small scale, 

and produces not enough gas to make a difference. The participants argue that the latter is an 

important reason why people do not bring their bread to the digester. However, the data showed 

that social pressure is an important factor in the Wildemanbuurt. Participants explained that others 

often follow a good example that a few people started. Especially when it derives from people with a 

high social status (e.g. imams, teachers, and elderly people). Face-to-face promotion plays an 

important role in this process. Though, seeing others recycle already triggers people to act similarly 

(McDonald & Ball, 1998). This behaviour does only take place when the first group is big enough to 

reach the required threshold for others to follow. If this level is not reached, the effect of social 

pressure remains only valid among the people that set the example themselves. 

The effectiveness of face-to-face promotion in the Wildemanbuurt could be an asset in the 

distribution of information about waste separation and biodigestion. Face-to-face promotion is an 

effective method in increasing participation in recycling schemes, but its efficiency is low when it is 
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organised in a formal way. Therefore the role Mr. Bouhbouh played in this project was of high value. 

He is familiar in the community and his presents while gathering participants appeared to be more 

effective than without him. However, the content of the information that was shared during this 

face-to-face promotion was less certain. The participants lacked relevant knowledge about the 

project, waste separation and the benefits for the environment. A trained professional might be 

more suited to provide the participants with relevant information. Especially, since the participation 

rate and quality of participation grows when information is accurate and regularly provided. 

A ‘ lack of time’ and ‘lack of facilities’ were mentioned to be the most important obstacles towards 

waste separation, while ‘convenience’ seemed to be of high importance for the participants. Since it 

is difficult to influence people’s perception of time, increasing the amount of waste collection 

facilities and locate them closer to houses, can make the act of waste separation more convenient 

and reduce the influence of the factor time.  

7.1 RESEARCH LIMITATIONS 
This research includes several limitations that will be discussed in this chapter. A first limitation can 

be found in the amount of participants included in this research. The Wildemanbuurt is home to 

almost 5000 people from which the opinion of maximum 25 people has been included in this 

research. Given the use of selective sampling, it can be expected that the participants do not 

represent the general opinion of Wildemanbuurt residents. The people that joined the focus groups 

were encountered by Mr Bouhbouh, already active in the neighbourhood and/or activities with the 

biodigester or interested in waste issues. These limitations occurred because of the short duration of 

this project (i.e. eight weeks). In order to generalise the results for the entire Wildemanbuurt, more 

people have to participate in this research. However, several participants argued that many other 

community members share their opinion. Mr Bouhbouh stated that it would be interesting to speak 

to more people, but said he did not expect huge differences in their opinion. Another limitation of 

this research can be found in the validity of the questions used during the interview and focus 

groups. Although most questions derive from the TPB, some questions are added by the researches. 

These questions are based on the literature but not validated.  



8. Conclusion  

This study aimed to determine the social feasibility of a biodigester in the Wildemanbuurt. 

Therefore, literature about recycling behaviour is examined and data collected from an interview 

with a local key informant and focus groups with Wildemanbuurt residents. Waste separation 

containers for glass, paper, residual waste and textile are currently present in the Wildemanbuurt. 

The majority of the Wildemanbuurt residents know about the existence of the containers, but usage 

differs highly among the population. The containers for residual waste are most often used. 

Biowaste is not collected separately, except for bread, which can be dropped off at the 

demonstration biodigester. Although the digester was installed almost three months ago, only a few 

residents bring their old bread to the reactor. However, the results of this research indicate that at 

least a part of the Wildemanbuurt residents have the intention to separate their waste in the future. 

Several factors are indicated to be of influence of people’s waste separation behaviour. Changing 

these factors increases the chance towards successful biowaste separation in the Wildemanbuurt. 

The community desires to upscale the current digester in a way that not only bread, but all organic 

waste can be digested. Several motivations are given for this desire: 

1. The activity of organic waste separation is convenient; 

2. They have a reason to believe their organic waste separation behaviour has effect, and; 

3. They get something in return from their effort. 

Above all, the effort of separating organic waste should be convenient. Access to waste facilities 

needs to be ensured and installed in every street. Another important desire of the residents is the 

visibility of their effort, which is currently missing. Ideally, the digester should make the 

neighbourhood independent from energy companies, improve social cohesion in the neighbourhood 

and create employment for the resident. The demonstration unit does not meet any of these 

demands and therefore, as argued by the local residents, has a negative influence on the motivation 

of people to hand in their bread. This implies that there is a threshold for the output of the 

biodigester to have people motivated to recycle their organic waste. Personal benefit is another 

proposed desire among some residents. If they receive a reward for proper separation behaviour 

they believe to be more willing to continue with waste separation. Adding a feedback mechanism in 

the scheme can increase the success of waste separation. This feedback could be in the form of 

variable incentives that change according to the mount of recycled waste and/or providing individual 

face-to-face or written feedback. Using feedback can also help to increase the knowledge regarding 

waste issues among the residents. Knowledge production can also result in a higher participation 

rate and reduce the change of public opposition toward the biodigester. This research indicated that 

several issues are important when determining the social feasibility of a biodigester in the 

Wildemanbuurt. Convenience in waste separation, information provision and visibility of effort seem 

to be relevant aspects for a successful waste separation and bio-digestion future in the 

Wildemanbuurt.  
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SUMMARY PART II  

The placement of a small-scale bio-digester in an urban environment is hypothetically found 

feasible. This feasibility study is supported by the ‘analysis of potential organic waste sources’ and 

‘quantitative flow analysis’ discussing the current situation of the Wildemanbuurt, the List of Design 

Criteria discussing the requirements of different stakeholders, and expert knowledge.  

The ‘analysis of potential organic waste sources’ and ‘quantitative flow analysis’ has described the 

current situation regarding potential organic waste streams in the Wildemanbuurt. The potential 

organic waste streams in the neighbourhood consist of swill, FOG, vegetables, fruits, garden, and 

possibly black water.  The input sources with most potential are the vegetable/fruit (395 t/yr) and 

black water (2730 t/yr) waste streams. These amounts of waste streams translate in fulfilling the 

demands of hypothetical 1069-1263 households (1-person) in an ideal situation, 177-209 households 

not using black water and less than one household in a realistic situation (current separation rate is 

taken into account).  

From the previously discussed stakeholder analysis and literature 92 requirements are made and 

listed in the Brief of Requirements. These requirements are the eventual design criteria, which are 

ordered by different aspects to easily search requirements. The list represents the guidelines for a 

future design and shows important attention points as well. For example that current governmental 

legislation is not applicable for an urban small-scale bio-digesters, which may offer possibilities.  
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9. Introduction  

In the technical aspect the technical feasibility of an urban small-scale biodigester used for local 

energy production in the Wildemanbuurt, Amsterdam Nieuw-West is discussed. The main aim is to 

compose design criteria, which can be used to discuss the technical feasibility. The list of design 

criteria forms the requirements and guidelines for the placement of the small-scale biodigester. The 

list of design criteria serves the purpose to be applicable for different urban areas besides the 

Wildemanbuurt. Several steps will be executed to develop the list of design criteria. First of all, a 

better understanding of the biodigestion process and supply chain process will be made. Secondly 

potential organic waste stream for biogas production need to be quantified. The previously 

discussed stakeholder analysis forms the research framework, which need to be investigated when 

searching for requirements. The fourth step is the ‘Brief of Requirements’; this gives a complete list 

of requirements, which are stated by the most important stakeholders. Step 6, the last step, is 

creating a clear and logically ordered list where one can easily search for requirements. If these 

steps are taken, a first prediction can be done regarding the technical feasibility of a small-scale 

biodigester in the Wildemanbuurt. An important note is that urban small-scale biodigestion is not 

new, the company Enki energy and The Waste Transformer have already done it, and two 

engineering companies specialized in micro-digesters. 

The concrete outputs of the technical part are: 

1. A general process description of the biodigestion process; 

2. An identification and quantification o the potential in,- and outputs of the small-scale 

biodigester in the Wildemanbuurt; 

3. Technical design criteria regarding an urban small-scale biodigester; 

4. An advice about the possibilities of a small-scale biodigester in the Wildemanbuurt. 
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10. The process of biodigestion 

The main purpose of this chapter is to clarify the process of biodigestion. Therefore it is necessary to 

understand how energy can be produced using food scraps through fermentation and which 

products are generated from the food scraps. The importance of both pre-treatment and post 

treatment will also be briefly discussed. The overall process within biodigestion can be seen in Figure 

16. The food waste is collected either separated by the people or by a processing company. The 

waste is pre-treated for a more efficient digestion process, during this process the organic material is 

transformed into biogas, the inorganic material, and organic material that is not digested is called 

digestate and is nutrient rich. After some post treatment it can therefore be used as a bio fertilizer 

for farms for example. Figure 16 shows one of the options for the use of biogas, in this case a 

Combined heat and power installation is used to produce heat and electricity by combusting the 

biogas. There are more options available for the use of biogas and these will be clarified later on. 

 

 

 

 

 

 

 

 

 

 

 

10.1 Pre-treatment 
For efficient biodigestion it is important to create a constant organic waste stream. To do that, it is 

important to determine where the waste comes from, how it is separated and how it is treated 

before it is put into the biodigester.  

Two main separation methods are considered, namely source separation and post separation. 

Source separation refers to separation at the start of the flow. The organic waste is therefore 

separated at the households or kerbside bins outside the houses. Post separation is different 

because the unsorted household waste is collected and separated at the waste treatment company. 

Besides source en post separation pre-treatment takes also the potential of the waste into account. 

Some organic waste streams or more easy digestible than the other. Organic waste streams like 

garden waste take often more time to be digestate by the anaerobic bacteria because of their 

structure and particle size. Often the solution is to increase the surface level of the waste on which 

bacteria can operate by shredding (Mata-Alvarez et al., 2000). 

Figure 16. Illustration overall process anaerobic digestion 
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There are multiple aspects that should be taken into account before making the decision about the 

suitable separation method. Even more the decision will be different in other circumstances. The 

decision using source separation or post separation has consequences in finance, in labour and in 

recycling and will depend on even more criteria for example the willingness of the people to 

separate (properly). In Appendix H an assessment framework with both positive (+) and negative (-) 

attention points of both separation methods are shown. After pre-treatment the waste can be 

transported to the biodigester, which consist of different digestion phases. 

10.2 ANAEROBIC DIGESTION 
Anaerobic digestion is a biological 

process where organic matter is 

broken down to simpler chemical 

components with lower 

molecular weight in the absence 

of oxygen. Micro bacteria 

degrade organic waste and while 

doing so produce biogas and 

organic compounds as end 

products (Karagiannidis and 

Perkoulidis, 2009).  The gene-

ration of these products usually 

requires multiple anaerobic 

bacteria (Jingura and Maten-

gaifa, 2009) and may be different 

from each other in the anaerobic 

degradation steps (Khalid et al., 

2011). These steps consist of a 

series of metabolic reactions 

(Figure 17), meaning that these 

reactions are needed for living 

organisms, like bacteria, to stay 

alive. These steps will be 

explained briefly in the next sub 

chapters.    

  

10.2.1 Hydrolysis 

In the process of hydrolysis (a reaction involving the breaking of a bond in a molecule using water), 

fermentative bacteria convert complex organic matter (carbohydrates, proteins, fats) into more 

soluble molecules such as sugars, amino- and fatty acids. The polymeric matter is hydrolysed 

(chemical bonds are cleaved by the addition of water) to monomers by hydrolytic enzymes that are 

released by the bacteria (Jørgensen, 2009). These enzymes catalyse (stimulate) the hydrolysis of 

these bonded monomers (polymers). The proteins, sugars and starch are easily hydrolysed 

compared to other polymeric carbon compounds that take a bit more time. Some compounds 

cannot be broken down under anaerobic circumstances and therefore cannot be digested into 

biogas. In plants such a material is present and is called lignin (a polymer deposited in the cell walls 

Figure 17 Schematic overview of the digestion process. 
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of plants, making them rigid and woody). In the tissue of a plant the organic material that can be 

broken down is packed in lignin. Since this lignin cannot be broken down properly, it is difficult for 

the bacteria to break these trapped polymers down. This slows down the decomposition rate during 

the biogas production process. Using pre-treatment the process can be accelerated.  

10.2.2 Acidogenesis 

During the Acidogenesis, the second phase in biodigestion, the monomers that were obtained in the 

first phase of the anaerobic digestion are converted into smaller volatile fatty acids. These acids 

lower the pH value of the substance inside the digester. If these fatty acids are not converted into 

acetic acid, carbon dioxide and hydrogen, than the substrate within the digester can turn sour 

(Jørgensen, 2009). A sour substrate could harm the process rate (Kim et al., 2008).  

In the second stage it is important to know that a balance between the different degraded products 

should be present to keep up a steady digestion. About 50 percent of the monomers and long-chain 

fatty acids should be broken down to acetic acid (CH3COOH). Another 20 percent is converted to 

carbon dioxide and hydrogen and the remaining 30 percent is broken down into short-chain volatile 

fatty acids (Jørgensen, 2009). Even though this is an approximation, this balance is important, 

because an overflow of fats can lead to a high amount of long-chain fatty acids while a high amount 

of proteins with nitrogen amino groups will produce large amounts of ammonium/ammonia. In both 

cases this can lead to inhibition of the decomposition phase (Khalid et al., 2011), especially when the 

composition of the biomass source varies. 

10.2.3 Acetogenesis 

In the third phase, Acetogenesis, the volatile fatty acids formed in the previous phase are converted 

into acetic acids, hydrogen and carbon dioxide. The bacteria that degrade the fatty acids within this 

process have the characteristic to grow slower relatively to the other bacteria. Since the importance 

of the balance between the products is clear, one could conclude that the growth rate is obstructing 

the whole biogas production process. An important side note is that the pressure of hydrogen 

should be low enough to allow conversion of the acids. This partial pressure can be lowered by 

bacteria, which are hydrogen scavenging (Mata-Alvarez, 2003). 

10.2.4 Methanogenesis  

In this last phase, methane is generated by the conversion of the products of the previous phases 

into biogas. This requires organisms called methanogens, which can only operate in an anaerobic 

environment. Methanogens can produce methane in two different ways, either by splitting acetic 

acid molecules to generate carbon dioxide and methane or by the reduction of carbon dioxide with 

the hydrogen. Although methane production is higher for the carbon dioxide reduction, the acetate 

reaction mainly produces biogas due to the fact that hydrogen has a limited concentration in the 

digester.  

10.3 POST-TREATMENT AND OUTPUTS 
Post-treatment is the necessary treatment after the digestion process but before the output 

products can be sold or used outside the company (See LoDC). Most direct outputs from the 

biodigester, digestate, effluent (liquid fraction of digestate) and biogas cannot directly be 

outsourced. Before digestate can be outsourced it needs treatment. Most of the digestate is 

composted or dried before it can be used as fertilizer. It can be used as fertilizer while it is rich of 
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nutrients since these nutrients are not fermented in the digestion process. Therefor a substrate is 

left with a higher content of nutrients, mainly being phosphor and nitrogen. When the drying or 

composting of the digestate is not worth the investment in the equipment it can be transported 

without post-treatment to an external waste processor.  

Effluent (the liquid that can be pumped out of the biodigester), can be dewatered. A portion of the 

water fraction can then be reused in the digestion process, however due to the nutrient rich content 

it can also be used for either feedstock preparation or agricultural land spreading as fertilizer 

(legislations should be kept in mind). If the effluent has no further use it can also be transported to a 

waste processor. For both digestate and effluent regulations regarding transportation are set and 

need to be fulfilled. For instance the transport vehicles need to fulfil VZC (Vervoersbewijs 

zuiveringsslib en compost) regulations.  

The most valuable output of the biodigester is biogas. Biogas is the exception for post-treatment and 

can be used for personal cooking without any further treatment. Although the composition of biogas 

is not the same as the gas, which is generally used for cooking it is still sufficient for cooking 

purposes. The biogas can even be stored in small gas containers to make it better marketable. Biogas 

needs post-treatment in the form of purification if one wants to deliver biogas to households, an 

energy company or want to make use of the gas grid. The purification step involves meeting the 

demands of the energy company. Another use of biogas is as fuel (LPG) for vehicles that also involves 

a purification step; LPG can then be sold to fuel companies if it fulfils their demands.  

It can also be converted to electricity or heat using a CHP (Combined Heat and Power) installation. 

The biogas is then used as fuel for a combustion engine connected to a generator, which produces 

both heat and electricity. The energy produced can be connected to the electricity grid, which can be 

used for households, and other facilities connected to the electricity grid. The heat can be used for 

the company itself, for the biodigestion process and for neighbouring buildings and houses. Both 

these energy outputs of the CHP are not easily stored, meaning that they should have a direct 

purpose of usage. There are ways of storing the heat in, i.e. a heat battery (TNO, 2015) but that will 

increase investment costs and will add restrictions to the design. An important note is that every 

post-treatment step can on the one hand valorise the output but is also coupled with a higher cost 

price and reduction in efficiency. 

11.  Analysis of potential organic waste sources 

A biodigester is able to digest most organic material, however each organic material stream has a 

different composition of nutrients and therefore a different energy potential in terms of a biogas 

production. Not all waste streams will be considered, only the ones that are available in the 

Wildemanbuurt and are interesting for digestion in the current and future situation. An overview of 

the waste streams, which are taken into account for creating the design criteria is presented below 

(table 2), with their methane potential and will be described in this paragraph. It can be seen that 

FOG has most potential to produce methane and garden waste the lowest potential. If one focuses 

on gathering waste flows with a high methane potential one can handle smaller waste volumes for 

generating the same amount of energy. 

Table 2. An overview of the different potential waste streams which can be used in the 

Wildemanbuurt with their biogas potential. 
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Potential waste streams Methane production [m3/ton] 

Vegetable and fruit waste* 125 

Garden waste* 20 

Swill* 86 

FOG* 234 

Black water (potential)** 100 

*Source: Ministry of the Environment, 2013 ** Source: Stowa, 2013 

Vegetables and fruit 

Vegetables and Fruit (VF) is a waste stream that consists of all kind of organic leftovers/food scraps 

e.g. vegetable oil, animal fat, and weeds. When separated correctly this waste stream will be a 

useful local input stream for a small biodigester. 

Within the Wildemanbuurt there is no waste separation yet (see part I for the current situation 

regarding waste separation), so it is hard to estimate the quality and quantity of waste for this 

specific area. Therefore the waste streams quality and quantity are estimated based on waste 

separation data from Amsterdam in general. Waste separation is possible and tested. For instance, 

from 3300 houses in district Nieuw-West, vegetables, fruit and garden waste was collected in small 

containers. The separation percentage of the organic waste was approximately 43 percent, which is 

close to the country average of 48% for separating waste in general (Gemeente Amsterdam, 2015).  

The municipality of Amsterdam estimated the composition of household waste (Figure 18). The 

estimated fraction of vegetables and fruit and garden waste are 79.4 kg/pp/yr and 12.5 kg/pp/yr 

respectively (Gemeente Amsterdam, 2016A).  

 

 
Figure 18.  The composition of residual waste (73% from the total waste) in Amsterdam (Gemeente Amsterdam, 2016A) 

 

 

Garden waste 

Garden waste consists of weeds, small pruning waste, small branches, cut grass, leaves, and flowers. 

Amsterdam has in general a relatively low supply of garden waste due to the fact that the 

percentage high-rise buildings is relatively high compared to other cities, also a smaller percentage 
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of the inhabitants have a garden (Gemeente Amsterdam, 2015b). Figure 18 illustrates that the 

average garden waste is 12.5 kg/pp/yr. This garden waste can be a source for energy production 

when fermented in a small-scale biodigester. However, it contains much less potential for biogas 

production compared to VF and often pre-treatment is necessarily.    

Swill 

The term Swill is used for liquid animal feeding, in waste-treatment it means liquid waste streams 

containing cooked organic waste from restaurant and cafes. This means Institutions with kitchens 

such as restaurants and cafeterias from the Wildemanbuurt can be swill suppliers. The swill can be 

used as feed for animals, but can be digested as well. The swill consists of cooked food waste and 

other leftovers. Swill is a wet biomass that usually has a high animal protein content.  

FOG  

FOG (Fat, OIL and Grease) is a term used for a layer of lipid-rich material from wastewater generated 

during cooking and food processing. Due to issues concerning the disposal, collection systems are 

implied to process this typical waste. Fats, oils, and grease have a high biogas yield and are a good 

source to co-digest with other solid municipal organic waste (Long, 2012) Again, even though FOG 

have an high biogas yield one should be careful with the ratio of FOG to the other input sources, see 

the acidogenesis in paragraph 10.2.2.    

Black water 

Black water is wastewater from toilets consisting of rinse water, urine and faeces. Approximately 

people produce 1.5-liter urine and faeces a day and on average 35 litres water is used to rinse 

(Stowa, 2016). Especially the organic matter in the black water is interesting to digest into biogas. 

Before it can be digested efficiently, it is concentrated into the organic matter. This can be done by 

source collection of the organic matter with less or no water or to distract the organic matter from 

the water fraction in the pre-treatment stage of the biodigester. For source collection water saving 

plumbing or vacuum toilets can be used, however these are not present in the average households 

of Amsterdam. Although black water is considered dangerous for public health due to the significant 

amount of pathogenic bacteria, there is no risk in the digestion process of this waste stream (Stowa, 

2016). The digestate however, does require post-treatment due to the possible presence of 

pathogenic bacteria. Within the calculation black water will be taken into account to show the 

maximum potential of waste streams, which can be used in the Wildemanbuurt. 

12.  Quantitative flow analysis 

For the technical feasibility study of a bio-digester in the Wildemanbuurt it is important to 

determine the available local resources, which can be digested, with their quantities. This chapter 

clarifies which organic resources have most potential in the Wildemanbuurt. Table 3 shows total 

waste and organic waste estimates in the Wildemanbuurt these numbers are used for calculations 

for total biogas and energy production. 
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Table 3: Facts Wildemanbuurt 

Area: Wildemanbuurt, Amsterdam Nieuw-West 

Residents: 4987 (OIS Amsterdam, 2016) 

Total waste est.:  1776 t/yr 1 

Organic waste est.: 381 t/yr 2 

Energy demand (1 person household): 1870 kWh/yr 
Energy price: 0.2 €/kwh 
Separation factor: 0.5 % 3 

12.1 MASS BALANCE 
When the organic matter is processed there are three main outputs; biogas, digestate, and effluent. 

These outputs can have various purposes. Table 3 and 4 give an estimation of the organic matter 

flows in the Wildemanbuurt can be seen with their conversion to the potential outputs. Calculations 

of organic matter flows, the bio-digester and the output are given appendix I. The calculations are 

based on the number of residents (OIS Amsterdam, 2016) in the Wildemanbuurt, data from waste 

treatment companies (van Wijk en Oldhuis, AEB, Orgaworld, Semler and Rotie) and data from 

literature about the average particular waste of households (Gemeente Amsterdam, 2016a), snack 

bars, restaurants etc.  Three cases are calculated and discussed, the ideal situation using maximum 

values, an ideal situation without the use of black water and a current realistic situation. Table 4 

gives an overview over the mass, biogas and energy potentials of the three cases; these will be 

further discussed in this paragraph.  

Table 4. An overview of the potential mass, biogas and energy in three different cases for the Wildemanbuurt and for the 

residents of the Wildemanbuurt. 

 Case  
 Ideal Ideal (without 

black water) 
Realistic  

Potential Wildemanbuurt     

OWS capacity 3188 479 2.4 t/yr 
Biogas production 327355 54317 271 m3/yr 
Average energy potential 7856 1303 7 GJ/yr 
Provide on average … households 1167 194 1 households 

Potential per resident     

Biogas produced 65 11 0.05 m3/pp/yr 
Average energy potential  1575 261 1.3 MJ/pp/yr 
Financial yield 1134 188 0.9 €/pp/yr 

 

The Sankey diagram in Figure 19 illustrates the mass flows of different local resources that could be 

available for biodigestion in an ideal situation. In the ideal situation no losses are taken into account. 

Blackwater has the highest mass flow and is a good resource for biogas production. No pre-

treatment is necessary as long as the quality of the black water is good which indicates that the 

                                                           
1
 Estimation based on ‘Cijfers over afvalscheiding from Milieu Centraal (2013). 

2
 Estimation based on ‘Uitvoeringsplan afval’ from the Gemeente Amsterdam (2016). 

3
 The separation factor describes the percentage of residents which will separate over all residents. 
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waste is properly separated from the water. A verification step by sampling the waste could be 

handy to make sure the process runs efficiently. The main output mass flow is the digestate (2356 

tonnes a year) and second is the effluent flow with 332 tonnes a year. The smallest output is the 

biogas with a flow of 221 tonnes a year, which is 327083 m3/yr. 

 

 
Figure 19. The ideal mass flows from both potential inputs and outputs of the bio-digester, including the potential energy 
source ‘black water’. 

 

The volume of gas is containing on average, really dependent on the waste, 60 percent methane, 40 

percent carbon dioxide and 200 to 4000 ppm hydrogen sulphide (Minister of the Environment, 

2013). The energy content of biogas is completely determined by the 60 percent methane content. If 

the concentration of methane is higher, the biogas’s energy potential will be higher. Biogas has at 60 

to 70 percent methane content a total energy potential of 22 to 26 MJ/m3 (Minister of the 

Environment, 2013). Considering the biogas potential in the Wildemanbuurt is 327083 m3/yr the 

energy potential is ranging from 7195 to 8504 GJ/yr. This is enough energy to fulfil the complete 

(heating and electricity) energy demand (2300 kWh/yr) of 1070 to 1263 one-person households 

completely for energy every year. This is almost one-fourth of the residents of the Wildemanbuurt. 

An important note is that black water is included as energy source due to its potential for biogas 

production. However, residents and the Lucas Community possibly dislike human faeces as an 

energy source and may prefer to not use black water, since sanitation is surrounded by taboos (Black 

& Fawcett, 2010; Buit & Jansen, 2016).  

The Sankey diagram belonging to the mass flows without black water can be seen in Figure 20. The 

largest organic waste stream is now VF waste from households (395 t/yr). The total amount of 

organic waste (478 t/yr) is reduced almost seven times compared to a situation where black water is 

included. This resulted in a biogas reduction of more than 260000 m3 biogas. The total energy 

produced ranges from 1189 GJ/yr to 1405 GJ/yr, which means 177 to 209 households can be 

 

 SWILL  Vegetable and fruit waste  Black water  Effluent 
 FOG  Garden waste  Digestate  Biogas 



64 
 

W A S T E  I S  O U R  E N E R G Y  

provided from energy every year. 

 

 

Figure 20. The ideal mass flows from both potential inputs and outputs of the bio-digester, excluding the potential energy 
source ‘black water’ 

 

The last case is a situation based on current separation values without black water in order to fulfil 

the stakeholders’ demands. In a previous case study it was determined that only 0.5% of 3300 

residents was separating in Amsterdam Nieuw-West (Gemeente Amsterdam, 2015). Using this 

percentage in combination with the organic waste inputs reduced the waste streams a lot, which 

contributes in significant low biogas production. The organic waste flow is 2.4 ton/yr contributing in 

a biogas production 270 m3/yr and an energy potential of 6 - 7 GJ/yr. This means that at maximum 

one household can be provided of energy. 

 

 SWILL  Vegetable and fruit waste  Black water  Effluent 
 FOG  Garden waste  Digestate  Biogas 



13. Brief of requirements 

A requirement is a statement that identifies the system, product- or process characteristics 

and constraints, which is unambiguous, clear, unique, consistent, stand-alone, verifiable, and is 

deemed necessary for stakeholder acceptability (SE Handbook Working Group (Incose, 2010). The 

acceptability of the requirements is truly important for the feasibility of a design. To be able to do so 

the requirements that are found in the literature are complemented requirements that are 

extracted from the stakeholders. The expectations that the stakeholders have are transformed into 

requirements that can be written down and verified. The obtained requirements are presented in a 

list and can be found in appendix F. Within the search for requirements for small-scale biodigestion 

no governmental legislation is available yet (Rijksoverheid, 2015), however it is expected that these 

will come in the future. 

Due to time issues the requirements are not ranked and compared, but are categorized and can be 

sorted according to the desire of the user. This improves the readability and the search time for each 

individual design criteria.  

13.1 LIST OF DESIGN CRITERIA 
This chapter will clarify the chosen aspects that are thought to be supporting in the search process 

for finding the appropriate design criteria. The search for the ‘right’ design criteria aspects does not 

happen according to a particular sequence and will be different for each individual. Therefore every 

aspect stands on its own and can be a start or end point of the search. The different search 

categories are general, spatial, process phase, environment, stakeholders and importance. These will 

be discussed here below. 

13.1.1 General category 

The first category concerns the general aspects.  These aspects do not specifically follow any rules or 

process order. These are based on the functional requirements mentioned in Book Biosystems 

Design and are extended with some aspects that originated from a brainstorm session. There are 

sixteen aspects in the general category, which go from the appearance of the possible design to the 

safety aspects concerned with a digester. The list of all the general aspects can be found in Table 5.  

13.1.2 Spatial category 

The spatial category partitions the requirements in three aspects, being ‘internal’, ‘external’, and 

‘construction’ (Table 5). The internal category focuses on all the requirements that are needed to 

establish a working production system. However this is with the exception of the criteria that are 

needed for the actual construction of such a unit, since these will be categorized under the aspect 

‘construction’. The third aspect gathers the requirements that involve an exchange with something 

outside of the system boundary. An exchange could be the interaction with the residents when 

operating the digester. For example, the odour emissions are not bound to the system as long as 

there are no complaints. These restrictions exist because people outside the system complain about 

the emissions provided by the biodigester.  

13.1.3 Process phase 

The digestion process has multiple phases that together form the digestion system. This aspect 

categorizes these phases so that one can more easily find the requirements of a certain step within 
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the process. Most phases are already clarified in chapter 10.2, other phases concern the 

communication of the system to the environment. The overall processes on the production site 

itself, the supply chain they are part off, and the placement of such a system. 

13.1.4 Environment 

Nowadays regulations and governmental legislation is made for two types of environments. A 

biodigester can be placed in either an agricultural environment or in an industrial environment. This 

project is about placing a biodigester in an urban environment; therefore the environment ‘urban’ is 

added. There are requirements that are not specific for a particular environment and in that case are 

put in the category ‘all’.  

13.1.5 Stakeholders 

The stakeholders that are clarified in chapter 2.5 are used as two different categories. They do not 

differ in numbers or in their perspective, but there intention towards a requirement is assumed to 

be different. The two stakeholders categories are ‘concerned’ and ‘executive’ and imply that a 

requirement has a stakeholder who is concerned that the requirement is met and a stakeholder who 

is actually going to make sure the requirement is properly executed. 

13.1.6 Importance 

There are three different aspects in the importance category, being fixed, variable, and desirable. 

The fixed aspect selects the requirements that have no space left for change. The requirement is set 

and should be executed under the specific conditions mentioned in the requirement itself. The 

variable aspect has a certain range in which the requirement can be executed. It can either be a 

given range or can be a minimum/maximum that should be met but can be larger or smaller 

respectively. The last aspect is the desirability, these are wishes a stakeholder has for requirements 

of the system but the system can still work properly without these.   

Table 5 An overview of the different categories and the elements where one can sort on. 

General 
category 

Spatial 
category 

Process phase Environment Stakeholder Importance 

Interface Construction Input Agricultural NGO Desirable 

Appearance External Transport All Breeder of bacteria Fixed 

Documentation Internal Storage Industrial Buyer / Retail Variable 

Environment   Pre-treatment Urban Constructor of 
Equipment and Tools 

  

Information 
technology 

  Digestion   Constructor of Housing 
and Devices 

  

Labour   Post-treatment   Consumer   

Maintainability   Output   Contractor   

Operation   Communication   Designer   

Performance   Overall process   Developer of 
processing technology 

  

Quality   Supply Chain   Employees   

Reliability   Placement   Energy company   

Resource       External expert   

Safety       Government   

Schedule       Inspector   

Social cohesion       Knowledge Institute   
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Verification       Municipality   

        Primary producer   

        Public representative 
and policymaker 

  

        Representative Primary 
Producer 

  

        Residents   

        Waste processor   
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14. Integration 

The two parts of this report, the first about the social feasibility of separation of organic waste and 

biodigestion in the Wildemanbuurt and the second about the technical feasibility of biodigestion, 

meet each other in this chapter. First, a visualization of all the stages in the process, from waste 

separation to cooking food, is made. Next, the results of part 1 and part 2 are combined for each 

stage in scheme. This gives an overview on the aspects where the two interact. The challenges 

resulting from this are subsequently elaborated on in the discussion. Based on the results and the 

discussion, finally recommendations for separation of organic waste scheme and biodigester are 

given. 

In Figure 21 each aspect of the circular biodigestion process is showed. In addition, the findings of 

part 1 and part 2 are combined per stage in the scheme below. This research covers many stages of 

the circular biodigestion process, however due to project restrictions, not all stages could be 

included. Part 1 and 2 have a different scope, but also cover different stages of the process. Social 

and technical aspects can therefore not be integrated at every stage. Here, the (current) biogas 

circular process displayed in Figure 21 is shortly introduced. Stakeholders are present in the whole 

process, whereas the main stakeholders are the primary energy producer and the residents of the 

Wildemanbuurt. Ideally in a biodigesting circular process, all waste should be separated resulting in 

different waste streams. The organic waste stream then could be collected and transported to a 

biodigester as input for creating bio gas energy. Biogas is currently untransformed delivered to a gas 

burner for cooking; however other functions are possible if biogas is transformed to the preferred 

choice. To demonstrate the circular process, cooking is used which results in food, leading to waste 

and so the process continues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 21: Biodigestion circular process with influence of main stakeholders.  
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Stakeholders 

(Ch. 2.5) 

Each stakeholder has a different interest in the biodigester and its purpose. 

The primary energy producer and residents of Wildemanbuurt are the most 

important stakeholders and are thus the most influential in the process of this 

project. Other important stakeholders are: NGO’s (The Beach and LC), 

consumers, government, municipality, public representative and policymaker, 

inspector, waste processor and employees. Stakeholders have influence on 

every stage of biodigestion circular process.  

Waste Disposal 

 

Total Waste  

Waste in Amsterdam can be disposed in containers for paper and cardboard, 

plastic, glass, textile, and residual waste. This is available in all districts of 

Amsterdam. A separate waste container for organic waste does not exist yet. 

Respondents in group discussions admitted that they separate mainly glass 

and residual waste and some separated textile and paper.  

Moreover, waste is not always disposed in containers; litter is a problem in 

the Wildemanbuurt. Residents are dissatisfied with this litter problem. 

Waste Separation 

 

 

Organic Waste 

(Ch. 2.1.3 & 6) 

 

Organic waste is not collected separately at the moment. As of this moment it 

belongs to the category of residual waste. 40.4 Percent of the residual waste 

is organic waste which can be used for the anaerobic digestion process. 

 

If organic waste separation would be implemented, conditions set by the 

residents would be that waste separation is convenient (ensuring access to 

facilities, minimizing distance to facilities and minimizing time in separating 

waste), that the results are visible and that they personally benefit from it. 

Individual feedback mechanisms and increasing knowledge could improve the 

chance of success of the scheme.  

 

If all organic waste was collected, then:  

Total approximated possible organic waste stream: 3188 t/yr 

Without black water: 478 t/yr  

 

Transportation 

 

Biodigester  

 

The transport from households, local shops and restaurants of food waste to 

the biodigester or possible pre-treatment company can vary a lot with the 

possible design. Currently, the municipality organizes the transport and 

process of waste in the Wildemanbuurt. In this report there is no research 

conducted to different collection methods. 

 

Currently, a biodigester demonstration unit is placed in front of the LC. The 

biodigester demonstration unit now mainly has an educational function. It is 

put in a container in order to be able to move the unit to new areas to reach 

even more people and to make sure it remains unharmed. This however is 

only possible for small-scale biodigesters. When scaling up the digester, there 

should be thought of a different way of protecting the digester.  

 

If case of up scaling, one should take into account:  

1. Input: If black water is used as additional input source more 

restrictions will be hindering the design. 
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2. Output: When the digesters size reaches 4000 m3, it enters the 

category of an industrial biodigester. 

3. Governmental regulation with storage and placement are still valid, 

increasing size can narrow the possible placement sites. 

4. Economies of scale will increase the efficiency of the digester, but it 

should keep a relatively constant input flow in order to stay effective. 

5. Further requirements are mentioned in the BoR.  

Biodigestion 

 

Biogas 

(Ch. 10.2 & 10.3) 

Biodigestion operates optimally when constant organic waste flows are 

realised. Each organic material has its own composition of fats, protein etc. 

These materials have their own energy transition resulting in different energy 

contents. The composition of the organic materials should therefore not alter 

too much for the bacteria colony, and for a more consistent output.  

If the organic waste stream cannot be kept constant, there is a high chance 

that external bacteria need to be purchased to secure the energy supply.  

Currently, residents criticize the input-output ratio. They argue that there is 

too much input needed for just a limited amount of output (biogas).  

Moreover, the placement of a digester will influence its environment. The 

surrounding residents could suffer from odour and noise emissions coming 

from the biodigester. Upscaling the biodigester will only increase the emission 

which could lead to additional construction restrictions to keep the emissions 

within the legislation norms (LoDC).     

 

Currently, biogas is used for social activities at the demonstration unit. In case 

of upscaling, the maximum amount of biogas (without black water) that can 

be produced is approximately 54045 m3/yr. The total energy produced ranges 

from 1189 GJ/yr to 1405 GJ/yr, which means 177 to 209 households can be 

provided with energy each year. This is the highest potential though, which 

means that all types of waste streams are separated and collected except for 

black water. Calculations show that if all energy is equally divided over the 

4987 residents of the Wildemanbuurt, one could earn hypothetically 190 euro 

per year by donating their organic waste to the biodigester*. The 

management of this energy process is preferably carried out by a new local 

energy cooperation.  

Energy Transfor- 

mation 

 

 
End-use  

 

(Ch. 10.3) 

Energy transformation (post-treatment) is needed if one wants to use the gas 

for a different function than cooking. The transformation method will depend 

on the chosen purpose of the biogas use.  

Examples of functions are:  

1. Biogas as gas delivered to households, an energy company or 

connected to the gas grid 

2. Biogas as fuel (LPG) for vehicles.  

3. Biogas converted to electricity or heat using a CHP (Combined Heat 

and Power) installation.  

An important note is that every post-treatment step can on the one hand 
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valorise the output but is also coupled with a higher cost price and reduction 

in efficiency.  

Cooking

 
 

Food 

Currently, the main function of the produced biogas in the Wildemanbuurt is 

cooking. It serves as a mean to create social activities at the biodigester 

demonstration unit and to increase knowledge about the biodigestion 

process. Food is a result of cooking and left-overs are disposed. This is mainly 

to demonstrate the circular process of biodigestion.  

*190 euro per person per year reduction on energy bills is calculated using the energy price of 20 euro cents per kWh. This 
calculation is purely to give an indication of the value of produced energy of biogas when ALL residents of the 
Wildemanbuurt deliver their organic waste (without black water) to a biodigester (so not the small-scale one that is 
currently present in Wildemanbuurt). No other costs (e.g. costs of the biodigester itself or necessities) are taken into 

account.   
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15. Discussion   

The previous scheme showed the stages of the process where waste is converted to bioenergy. At 

some of these stages interactions occur between what is socially desirable and what is technically 

feasible. This paragraph will clarify which interactions there are between the social and technical 

study. 

One of the main challenges is to match the actual volume and composition of the organic waste 

collected in the Wildemanbuurt and the requirements for the volume and composition of the input 

of the biodigester. Firstly, to have an efficient biodigestion process, the organic waste flows need to 

be constant. However, this is highly dependent on the amount of organic waste that is generated 

and actually separately collected in the Wildemanbuurt. Participation levels in the waste separation 

scheme therefore need to be constant as well in order to be a reliable source for the biodigester. 

The quantities of the waste flows are probably interesting in an economic sense, regarding the 

benefits of economies of scale. A bigger volume of the organic waste stream could be acquired by 

adding black water as an input source. This is technically feasible, but the social acceptance of using 

human faeces for energy production is questionable, because sanitation is generally surrounded by 

taboos (Black & Fawcett, 2010; Buit & Jansen, 2016).  

Secondly, the composition of the organic waste stream influences the design and efficiency of the 

biodigester as well. Again, the composition is dependent on the organic waste generation of the 

community. A misbalance in the organic waste composition, for example too much FOG has a 

negative influence on the efficiency of the biodigestion process. Third parties could probably deliver 

more of these high potential sources than households in the Wildemanbuurt. In that case, the 

question is: why still collect the domestic organic waste? The answer to this question is dependent 

on the goal of the project: if the primary goal is indeed local energy generation, excluding domestic 

organic waste could be considered. Although this waste flow has still much potential but requires 

more input from residents and primary producer. If the primary goal of the project is to implement a 

separation of organic waste scheme, collecting domestic organic waste is of course very relevant. 

The output of the biodigester is another point of consideration. Focus group discussions and 

interviews showed that the preferred purpose of the output is to provide all households in the 

Wildemanbuurt of gas, resulting in lower energy bills. A completely independent gas supply as such 

is not realistic, only with the inclusion of black water and with maximum participation in the waste 

separation scheme; about three-fourth of the neighbourhood can hypothetically be supplied with 

gas. Without black water and with lower participation, the energy supply is considerably lower. If 

distribution is the desired outcome, questions will arise about a fair distribution of the cheaper gas. 

What about differences between residents in the participation in the waste separation scheme? It’s 

impossible to discriminate in the supply of the biogas once it is added to the total gas supply. Would 

it be fair if someone who does not participate in waste recycling receive the same amount of biogas 

as others who do participate? 

Ideally the biodigester unit would serve as a social function as well on top of the waste processing 

and energy production. Social activities that involve the biodigester and its outputs could improve 

social cohesion. Hence, a central location for the biodigester unit is preferred. However, placement 



74 
 

W A S T E  I S  O U R  E N E R G Y  

of a biodigester in the Wildemanbuurt is already a challenge on its own; see the regulation regarding 

e.g. odour and noise (LoDC). If a suitable location can be found, chances are low that the unit lends it 

for activities considering the mentioned nuisances. 

Summarizing, the social desirability and feasibility of energy production from organic waste conflict 

in some aspects with the technical feasibility of the project. Issues of participation versus 

requirements, preferences versus possibilities, and possibilities versus fairness arise. In addition, the 

choice for a waste separation scheme and design for the biodigester are highly dependent on 

priorities of stakeholders. Prioritizing separation of organic waste asks for different considerations 

than when local energy generation is the goal of the project. Another question following from this is 

whether biodigestion is actually the best solution to the aforementioned issues. Respondents 

mentioned several reasons to separate organic waste, and thus may not need the prospect of local 

energy to do this. To generate energy on a local scale, more efficient technologies exist than 

biodigestion when one does not limit itself to organic waste. Not to mention other motives like 

improving social cohesion, creating local employment and reducing litter. 

Moreover, biodigestion is an ‘end-of-pipe’ solution; it reduces the impact of waste and increases 

sustainability, but not the cause. Solutions aimed at reducing the production of waste itself minimize 

the need for a solution like biodigestion. Considering the large social, technical and financial 

investments needed for a biodigester, it could be argued that waste reduction methods deserve 

more priority. However, since waste is unlikely to disappear, at least in the near future, recycling 

stays an important alternative to current unsustainable methods.  
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16. Recommendations for implementation of a biodigester in the 

Wildemanbuurt 

The results of this report give insight into the requirements for successful waste separation and 

biodigestion. This resulted in recommendations for the implementation of a waste separation 

scheme and biodigester in the Wildemanbuurt. These are discussed in this chapter. 

16.1 FACILITIES 
Currently, waste is collected in the Wildemanbuurt with containers with underground storage in the 

streets. Since the participation in waste separation of people is usually highest when this type of 

system is used, it is recommended to use this type of collection for organic waste as well. This could 

be established as a different compartment in an existing container or an additional container for 

organic waste. The organic waste containers should be located in every street to reduce the walking 

distance. The respondents were quite satisfied with the location of the existing containers for other 

types of waste material, so it is suggested to put the organic waste containers close by these 

containers. This ensures a certain convenience level because residents can dispose all types of waste 

at one location. Ideally, these containers are visible from every house, because this makes people 

aware of the existence of the scheme and of the recycling behaviour of their neighbours, which 

could positively affect recycling behaviour of others as well. ‘Placemaking’ could strengthen these 

effects. This could be done by using bright colours for the containers, add the street name to it or 

placing urban green or benches around the container to make the place attractive. An idea could be 

to hire local designers to design the containers, for example from The Beach. It should be noted 

however, that applying this system could work technically but has a certain price tag. A further study 

is required on how a possible gain in the flow of collected organic waste stand against the additional 

costs of placing or reconstructing these collection containers. 

To make organic waste recycling efficient, biodegradable bags have to be used for organic waste. 

These bags are sold at stores in the neighbourhood. Potentially, a starter’s kit with biodegradable 

bags and information on recycling is issued to every household at the beginning of the scheme. 

16.2 INCENTIVE 
Since the option of direct delivery of gas to the households is probably not realistic in the near 

future, the residents need to benefit from their waste separation behaviour in another way. 

Rewarding good behaviour is preferred over punishing bad behaviour by the respondents, which is 

why most examples provided below are rewards. Some points need further consideration before 

implementing one of the examples: 

 Make sure the incentive is variable, so that a change in behaviour is reflected in the reward 
(or punishment) and behaviour change is structural.  

 Prevent cheating by making sure that only organic waste is disposed in the container, for 
instance by doing regular checks on a sample of bags for contamination of material. Since 
checks are already carried out at waste disposal locations to prevent waste disposed next to 
the containers, it is suggested to combine this with the check on contamination. 

 Track the individual performance of the participant. In order to be able to track the 
performance of the participants, an idea is to make use of cards that are connected to an 
account of the resident. The participant has to identify himself/herself by scanning the card 
to open the organic waste container. The card registers the frequency and/or weight of the 
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organic waste disposed. Instead of individual rewarding, rewards could also be issued to one 
whole flat, block or street according to the total performance of this area, whatever the 
divergence in performance of its inhabitants. Subjective norms are employed here to 
increase participation of the whole area. Accompanying the reward with a message about 
the reason of the reward might strengthen this effect. 

 Provide feedback on the performance of the participants. This feedback should be provided 
regularly and continue as long as the recycling scheme exists. If technologically and 
financially feasible, the participant can add his account (see previous point) to an app which 
shows his/her performance and points of improvement. 

Examples of incentives that can be implemented are: 

 Deposit money (statiegeld). This could work in a similar way as the deposit money system 
for bottles in supermarkets. 

 Saving for discounts for services in the neighbourhood, for example at shops or restaurants. 
This discount could also be limited to the chosen facility that uses the biogas. A similar 
system already exists in the neighbourhood, called ‘Wildemannetjes’. Perhaps the 
‘Wildemannetjes’ could be integrated in this recycling project. 

 A reduction of the tax on waste services, this will require deliberation with the municipality.  
 Diftar (or also called ‘pay-as-you-throw’) combined with a zero-tariff for organic waste. This 

requires change of the current tariff system for residual waste, since the tariff for residual 
waste should then be based on the total weight of residual waste generated, so separation 
of organic waste becomes more attractive than discarding it with the residual waste. 

16.3 DISTRIBUTION OF AWARENESS AND KNOWLEDGE 
Publicity to the waste separation scheme is important, but should be combined with complete and 
comprehensive information on: 

 Where to recycle: separate organic waste at home and dispose this in the container in the 
street. 

 What to recycle: e.g. vegetable and fruit waste, swill and FOG. 
 How to recycle: special biodegradable bags should be used for the disposal of organic waste. 

Possibly information on how to use the waste container if it requires for example 
identification. 

 Why recycle: the consequence of (not) separating organic waste. This should include: 
o Benefit in general: this should induce a moral obligation to recycle. Preferably it 

includes the benefits for the environment and the economic value of waste in 
general. 

o Benefit for the neighbourhood: the effect of the waste separation and biodigestion 
should have a positive influence on the social cohesion in the neighbourhood. 
Additionally it could help in keeping the streets clean of waste if people are more 
aware of their waste treatment. 

o Personal benefit: the chosen incentive (see paragraph 16.2) 

Information about the new scheme could be distributed in several ways: 

 Posters and/or banners. It would be nice if some respected and influential people in the 
neighbourhood are willing to lend themselves for a picture on the poster promoting waste 
separation, in order to appeal to the subjective norm. 

 Articles or advertisements in the local newspaper. 
 Door-to-door distribution of flyers or letters. 
 On the organic waste container itself. 
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 Face-to-face. Convincing the residents to cooperate is expected to be difficult, if it turns out 
to be more difficult than expected, face-to-face promotion could be considered. The 
Wildemanbuurt has the advantage that face-to-face promotion is very effective in the 
community.  Therefore it is considered to be sufficient to first target only a single group of 
residents, ideally containing respected and influential people (e.g. Imam, teachers) and who 
are known in the neighbourhood. It is expected that if these people adopt the new scheme, 
the chance that the threshold level for organic waste recycling is lower.  

16.4 OUTPUT 
The people who participate in the project should perceive that their input has a meaningful use and 

that they can make benefit from the output as well. If these separation percentages do not change it 

is recommended to use the biogas for cooking purposes, whether this is executed in the form of an 

open kitchen, a regular event or something else is up to the primary producer. Without an increased 

separation rate the waste flow is not enough for a constant production and use of biogas other than 

cooking. If the separation rate does increase it could lead to new possibilities, this would require 

new research and feasibility studies.  

An idea is to create an app for smartphones or an (e-mail) newsletter that shows the energy 

generation performance of the biodigester. This makes residents able to check if their efforts to 

separate waste have effect. 

16.5 ORGANIC WASTE SOURCES 
Apart from the residents’ organic waste, it is also possible to expand the organic waste flow by 

making use of other organic waste sources. Other potential waste sources which could be involved 

into the collection of organic digestible waste are local agriculture, city green, café’s, schools, 

hospital, companies, and other local places that have organic waste. Local supermarkets can also be 

considered as a source of organic matter by using their expired products, but it takes a lot of labour 

to extract all the organic matter from the seals. The current way of digesting expired products is to 

implement a pre-treatment step which grinds all the expired products without the needs of many 

labour hours. This is a fast and labour efficient way to deal with this problem however the efficiency 

of the biodigester decreases due all the residual waste which cannot be digested. The choice to 

involve certain organic flows is up to the primary producer, since the amount and type of organic 

waste the possible participants supply determines the design of the biodigester, for example its size 

and the bacteria species. 

16.6 PLACEMENT OF A BIODIGESTER 
Due to the fact that there is no governmental legislation present for small-scale biodigesters, a lot 
can be negotiated with the government, province and/or municipality. Below a short list of what 
needs to be discussed when considering the placement of an urban biodigester.   

 Where one wants to place a small-scale biodigester, supported with sketches. 
 A calculation of the energy one expects to produce and which percentage of the energy 

demand from the neighbourhood is covered. 
 Insight in profitability of the biodigester should be given. 
 How are the output flows of the biodigester treated and dealt with. 
 Which consequences or risks exist regarding hygiene and emissions.   
 Safety instructions and recommendations for the supplier of the small-scale biodigester. 
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For more elaboration on the technical requirements on the biodigester, see the Brief of 
Requirements, Appendix F. The choices for the design of the biodigester are limited by these 
technical requirements. This choice is eventually made by the designer. 
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17. Recommendations for further research and continuation of the project 

This chapter is dedicated to recommendations for further research and for continuation of the 
project. 

17.1 SOCIAL 
To ensure that the intentions of people for waste separation will also really determine their actual 

behaviour, a pilot of a separation scheme for organic waste is recommended. This pilot will be 

organized according to the recommendations that are provided in chapter 16. Ideally, several pilots 

are organized to test for example different incentives. This will help in determining the scheme that 

works best in the Wildemanbuurt. It is suggested to for example take at least 30 participants in the 

pilot in order to increase representativeness. This could for example be one flat or street. 

Representativeness will be even higher when two flats or streets are chosen of that are inhibited by 

inhabitants with different socio-economic and demographic characteristics. Each pilot should be 

implemented in the same location(s), in order to ensure comparability. Waste separation behaviour 

should be checked on:  

 Frequency of set outs: this could be done by asking participants. 

 Weight of bags: preferably this is combined with the previous point,  

 This could be done by taking a sample of bags at the point of disposal and weighing them. 

Preferably this is combined with checking on the frequency of set outs, so asking the owner 

of the bag about its behaviour. 

 Quality of waste separation: this could be done by checking the same sample of bags on its 

content. The quality is best when there is no contamination of other material than organic 

waste in the bag. This will improve the efficiency of the biodigester. 

The results from this/these pilot(s) help to identify where the bottlenecks in the separation of 

organic waste are in the Wildemanbuurt, and what needs to be done in the project to take these 

away. Below the options per aspect are listed, in which a choice could be made for the pilot(s). 

 



80 
 

W A S T E  I S  O U R  E N E R G Y  

 

Figure 22 Overview of recommendations 

17.2 TECHNICAL 
To ensure the technical feasibility of a small-scale biodigester in the Wildemanbuurt it is 
recommended to discuss the lacking legislation with the Government, province and/or municipality 
and come to an agreement to implement the biodigester. Furthermore the continuation of the 
search for demands of stakeholders can be expanded to ensure the satisfaction of all stakeholders. 
Regarding the biodigester itself it is recommended to work with an engineering company who is 
experienced in placing small-scale biodigesters in an urban environment. To get more grip on the 
efficiency of the fermentation process in the biodigester it is recommended to study which urban 
organic waste streams have most energy potential weighing the size of energy streams and the 
specific energy content of the individual waste.  

17.3 ECONOMIC FEASIBILITY 
The choice for a design for the biodigester and the type of organic waste recycling scheme, apart 

from social and technical feasibility, is probably also dependent on economic feasibility. It is advised 

to do cost-benefit analyses on different alternatives provided in this report whether they except for 

their social or technical feasibility are also economic feasible. 
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Appendix A – Litter in the Wildemanbuurt 

 

 

 

Appendix C – Interview questions Houssaien Bouhbouh 

representative of Lucas Community, co-worker Energy Shop at LC. 
 

Demonstration unit 
1. Which activities are organised with the demonstration unit? 
2. How was the participation of the community in these activities? 
3. How did people respond to the demonstration unit and the activities? 
4. How did people find the demonstration unit, or did you have to search for them? If so, how 

did you do that?  
5. What are the most known meeting spots in the neighbourhood? 

 
Waste 

6. How is organic waste currently collected? 
7. What are the experiences of the community concerning waste? 
8. What are the attitudes of the community towards waste? 
9. Is the waste situation in the Wildemanbuurt different from the rest of Amsterdam? 
10. What is the situation concerning litter?  
11. What can be the cause of litter? 

 
Project  

12. To what direction do you want to see this project going? 
13. When do perceive this project as successful?  
14. Can you name things we have to take into account when organising the focus groups? 
15. Do you recommend certain people of groups important as participants 
16. Is there anything else important for use to know about the neighbourhood and/or the local 

community? 
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Appendix D – Focus group questions 

Waste separation 

1. How are you currently dealing with waste? Are you separating your waste? If so, what are 
you separating? [behaviour] 

2. What are you doing with leftovers? [behaviour]? 
*Separating waste is dividing at least organic waste separately.*  

3. Do you think it is useful/important to separate waste? [attitude] 
Why/ why not?  

4. Do you think it is easy/a small effort to separate waste? [perceived behavioural control] 
Why do you think that? 

5. What are the facilities in the neighbourhood to hand in separated waste? And do you think 
there are enough facilities? [perceived behavioural control/situational factors] 
If so, why do you think there is enough? 
If not, what do you think needs to happen to improve the situation?  

6. Would you separate waste if it would be collected? [access and attitude] 
What is the reason you are willing to do it now? 
How often does collection need to happen?  

7. What do you think is needed for you to deposit only your biowaste? [access] 
Why do you think this helps? 

8. Would you deposit your biowaste separately if:  
I received a special bin for fruit- and vegetable waste inside my house? [access] 
Outside? [access] 
You received a reward for it? If yes, what kind? 
You received money for it? 
Your neighbour would do so? [subjective norm]? 
The entire neighbourhood would do so? [subjective norm]? 

9. Do you have any idea’s how you collected waste can be used? [knowledge] 
10. Do you know people that separate their waste?  

What do you think of that? Does it influence your opinion towards waste separation? 

Environment and biodigester 

11. Do you believe it is important for the environment to produce energy in a sustainable 
way?[attitude] 

12. How would you explain sustainable energy?[knowledge] 
13. Did you know that a demonstration biodigester was installed in the neighbourhood? If yes, 

how did you know? [knowledge] 
14. What do you know about the biodigester? [knowledge] 

How did you get the information?  
15. Would you like to know more about the possibilities of the biodigester?  

Why? [attitude] 
16. Do you think you will bring old bread to the digester? Or did you delivered bread 

already?[perceived behavioural control] 
Why would you like/dislike to do so? 

17. Would you like to have a say in the way the biogas from the digester is used? [attitude] 
Why? In which way? 

18. Do you believe you can influence the destination of the biogas from the digester? [perceived 
behavioural control] 
In which way? What would you like to happen? 
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Appendix E - Feedback card 
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Appendix F – Future vision of biodigestion in the Wildemanbuurt 

In the ideal future situation, all stakeholders are satisfied with the design, and it should be a 

probable feasible situation. The biodigester achieves the highest potential when the residents of the 

Wildemanbuurt and the local organic waste producing companies are all participants in a waste 

separation system and donate their organic waste streams to the biodigester. The biodigester is able 

to process the provided input sources and valorise the waste by the production of biogas. The 

biodigester can accommodate itself with the energy produced, so that the system can operate as a 

closed system independent from third parties.  

This situation could provide the primary producer a proper income by both maintaining the digester 

and make a living. The used waste from all the participants is valorised by the biodigester. The 

people who participate could get rewarded by a cut-down in the energy bill or by social activities 

within the neighbourhood set up by the primary producer from which the participants can benefit. 

The digestate and effluent are properly treated so that it can be used as fertilizer for either city 

green/gardens and or farmers nearby.





Appendix F – Brief of requirements 

No Requirement Description Fixed 
Req. 

Variable 
Req. 

Desirability Source 

1 Data is registered on a computer system x 

2 The digester should fit the environment and therefore have a suitable appearance for 
that neighbourhood 

x 

3 The digester should not be accessible for out standers x 

4 The lifetime of the digester > 20 years x Lucas Community 
(H. Bouhbouh) 

5 Biogas installation needs to fulfil the norms of agricultural activity. x Groengas.nl 

6 Collision protection around the digesters is placed x Groengas.nl 

7 Place the storage tanks in the shadow, sheltered from wind x 

8 The digestate storage tank has a size that can fit >80% of the digester volume x 

9 The effluent storage tank has a size that can fit >20 % of the volume of the digester x 

10 The biodigester plant should have ≤ 4.000 m3 biogas storage to fulfil Wabo requirements x Groengas.nl 

11 Digestate (without manure) can be used as compost if it fulfils characteristics of 
compost. 

x rivm.nl 

12 The level of biogas should be made visible on a website and/or on a mobile phone 
application  that is operable on all mobile systems  

x 

13 If > 25.000 ton manure supply, a province agreement is needed. x Groengas.nl 

14 At the point of a full biogas storage an event is hosted where the neighbourhood is 
involved 

x Lucas Community 
(H. Bouhbouh) 

15 Odour distance of households is > 100m x Groengas.nl 

16 Odour distance till agricultural company > 50m x Groengas.nl 

17 Particle distance till residents or company > 50 m x Groengas.nl 

18 Sound emissions are < 50 dBa during day time measured 1 m from the outside wall of 
the company. 

x Groengas.nl 

19 Sound emissions are < 45 dBa during evening time measured 1 m from the outside wall 
of the company. 

x Groengas.nl 
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20 Sound emissions are < 40 dBa during night time measured 1 m from the outside wall of 
the company. 

  x   Groengas.nl 

21 Odour emission are < 1 Oue/m3, tolerance level 2%, measured from outside wall   x   Groengas.nl 

22 System failures need to be fixed < 4 hours   x   Lucas Community 
(H. Bouhbouh) 

23 No discharge of leachate from biomass storage  x    Groengas.nl 

24 External safety, distance to residents or company is > 50 m   x   Groengas.nl 

25 Administration for biogas production company at the KVK x    Groengas.nl 

26 One need to comply with the requirements category 3 the 'Voedsel en Warenautoriteit 
(NVWA) 

x    Groengas.nl 

27 The digestion plant should collaborate with collection method and materials of the waste 
collectors 

  x   Lucas Community 
(H. Bouhbouh) 

28 The delivery of the waste must be stipulated in a contract with the supplier agreement. x    Groengas.nl 

29 The Waste receiver should indicate the weight of the biomass and put this on 
accompanying letter and sign this 

x    Groengas.nl 

30 The (un)loading process  of the organic waste takes < 30 min   x    

31 The torch plant needs to fulfil demands of the Ministeriële Regeling 'meetmethoden 
verbranden afvalstoffen’. 

x    rivm.nl 

32 Air emissions should be following the general regulations of the NeR.  x    rivm.nl 

33 One needs to fulfil 'Besluit algemene regels voor inrichtingen milieubeheer' x    rivm.nl 

34 Digestate can be processed as 'sewage sludge' (zuiveringsslib) with animal manure    x  

35 There are well readable sensors installed for the pH and temperature    x Lucas Community 
(H. Bouhbouh) 

36 The biodigester should be able to process VFG, FOG, and SWILL from the municipality  x     

37 The biodigester should be able to process black water    x  

38 The biodigester should be able to process the maximum supply rate of the input source   x    

39 A user manual for operating the biodigester is present x    Lucas Community 
(H. Bouhbouh) 

40 If > 15.000 m3 waste digestion a year, a province agreement needed   x   Groengas.nl 

41 A torch plant is placed, in case it cannot be upgraded to biogas; x    Groengas.nl 

42 Data about pressure, oxygen concentration, carbon and nitrogen ratio, and moisture x     
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content should be obtained with a data logger 

43 The input of the system is constant and only vary <10%.    x    

44 The input of the system has a consistent composition of organic matter    x  

45 A user manual for separating waste is present    x Lucas Community 
(H. Bouhbouh) 

46 A resource plan should be delivered    x Groengas.nl 

47 When kitchen waste or food scraps are used one should fulfil legislation of the 'Europese 
Verordening Dierlijke Bijproducten'. 

x    (http://eur-
lex.europa.eu/LexUr
iServ/LexUriServ.do
?uri=OJ:L:2009:300:
0001:0033:NL:PDF)  

48 Own equipment to test whether or not the output streams fulfil the legislation laws    x  

49 The residual ouputs, digestate and effluent, are indicated as waste or non-waste 
following LAP regulations. 

x    rivm.nl 

50 Requirements from set by 'Bees' (combination of Bva and NeR) should be fulfilled. x    rivm.nl 

51 Fulfil requirements about 'co-digestion installation' by VROM-Inspectie casus 200900571 x    rivm.nl 

52 Fulfil the legislation stated in the 'Milieubeheer Wet' concerned with digestion x    http://wetten.overh
eid.nl/BWBR000324
5/2016-07-01) 

53 Codigested outputs need to be stated on the positive list, Appendix Aa, IV 
'Uitvoeringsregeling Meststoffenwet' 

x     

54 Compost needs to consist of 10% organic matter from the dry matter content x     

55 Compost does not have particles < 50 mm diameter and < 0.5% foreign soil, non-
biodegradable particles. 

  x    

56 The heavy metals particles within the compost content should stay within the given 
legislation. 

x     

57 Working conditions are according to the CAO legislation    x  

58 Operator should be >16 years old   x x  

59 The employees should have followed the work instruction protocol x     

60 Maintenance protocol should be present    x Groengas.nl 

61 Maintenance required labour should not be intensive    x Lucas Community 

http://wetten.overheid.nl/BWBR0003245/2016-07-01)
http://wetten.overheid.nl/BWBR0003245/2016-07-01)
http://wetten.overheid.nl/BWBR0003245/2016-07-01)
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(H. Bouhbouh) 

62 Workload should be low (not intensive) part time job    x Lucas Community 
(H. Bouhbouh) 

63 In possession of an environmental permit (Wabo) "Bestemmingsplan" x    Groengas.nl 

64 Test needs to be past for fire safety. x    Groengas.nl 

65 A lightning conductor is placed on a digester; x    Groengas.nl 

66 Torch and water lock need to fulfil ATEX 137-guidelines and the "Nederlandse 
praktijkrichtljn 7910-1 

x    Groengas.nl 

67 An emergency plan should be delivered x    Groengas.nl 

68 One needs to be registered in the "Meststoffenwet" when using black water x    http://wetten.overh
eid.nl/BWBR000405
4/2016-03-01)  

69 A pest control program needs to be present  x    Groengas.nl 

70 Hygiene inspections which are carried out should be documented  x    Groengas.nl 

71 A cleaning protocol and cleaning supplies should present x    Groengas.nl 

72 Process descriptions and schedules should be present x    Groengas.nl 

73 A full HACCP plan should be submitted as the digestate is a processed product that is 
marketed 

x    Groengas.nl 

74 VIHB-registration of waste streams from digester x    Groengas.nl 

75 Requirements from agriculture amvb's should be fulfilled x    rivm.nl 

76 The digester should be cleaned and sediments should be removed to avoid accumulation x     

77 The placement of the biodigester should be in line with the Wro. x    rivm.nl 

78 The digestate should fit the legislation for applicability as fertilizer x     

79 The effluent should fit the legislation for applicability as fertilizer x     

80 The solid organic waste is filtered from unwanted material (plastics)   x    

81 The organic waste is shredded to 3 - 50 mm increase the fermentation rate   x    

82 The produced biogas needs to be stored for efficient distribution x     

83 If > 1.000 m3 storing waste, a province agreement needed    x   Groengas.nl 

84 Storage tanks and digesters are comply with 'Richtlijnen Mestbassins 1992' x    Groengas.nl 

85 Digestate must be stored so that recontamination is prevented by manure x    Groengas.nl 

http://wetten.overheid.nl/BWBR0004054/2016-03-01
http://wetten.overheid.nl/BWBR0004054/2016-03-01
http://wetten.overheid.nl/BWBR0004054/2016-03-01
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86 A permit is needed for storing > 600m3 green waste from third parties.   x   http://www.infomil.
nl/onderwerpen/int
egrale/activiteitenb
esluit/toelichting-
bor/onderdeel-
inrichting/vergunnin
gplicht/@107715/w
anneer-opslag/ 

87 A permanent cover or well established crusting surface/floating layer in the storage 
tanks for digestate 

x     

88 Digestate is pumped at the bottom of storage tanks, to avoid too much stirring; storage 
tanks are only stirred just before digestate application. 

x     

89 When transporting >3000 kg of compost the vehicle needs to have a VZC permit   x   overheid.nl 

90 Gas produced by the biodigester is stored in storage thanks which can be sold x    Lucas Community 
(H. Bouhbouh) 

91 Residents are educated about the use of the biodigester    x Lucas Community 
(H. Bouhbouh) 

92 Residents are informed about the financial benefits of using gas of the biodigester    x Lucas Community 
(H. Bouhbouh) 
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Appendix H - Assessment framework source- and post separation 

 

Table 1. Assessment framework source- and post separation (Gemeente Amsterdam, 2016.1). 

 

Appendix I - Calculation estimations organic waste streams 

Table 1. List of hospitality occasions in the Wildemanbuurt. 

 

 

Table 2. Calculation sheet showing the data and sources used for the organic waste stream calculations. 

Source Stream Amount Capacity Source […/yr] Total capacity 
[ton/yr] 

Restaurant SWILL 5x 2000 l/yr. (W. Oldhuis, 2016)4 1 10 
 FOG 5x 150 

l/month. 
(W. Oldhuis, 2016) 12 8.1 

Snack bar FOG 1x 100 l/2 wk. (W. Oldhuis, 2016) 26 2.3 
Household VF 4987 

res. 
79.4 
kg/res./yr. 

(OIS Amsterdam, 
2016) 

52 395.9 

                                                           
4
 Number is extracted from phone call with Wouter Oldhuis from Van Wijk en Oldhuis. 

Fraction Consideration Source separation              Post separation 

Vegetab
les and 

fruit 

Recycling Quality 1. Can be digester and 
composted 
afterwards. This is 
recycling. 

      +/-  Can be digested, 
             afterwards composting 
              not possible. 

 Vegetables and fruits 
affect other fraction 
in residual waste. 

Quantity  In high buildings it is 
difficult to separate 
VF on source. 

2. Post separation 
contributes in short 
term separation 
efficiency of 91%. 

Finance   Source separation of 
vegetables and fruits 
is costly. 

 +/-  Costs of post separation 
       are approximately equal 
       to their yield. 

Labour   Requires a major 
contribution of the 
residents. 

3. Residents don’t have 
to do anything. 

Name: Kind of 
hospitality: 

Van Vliet Snack bar 
Shoarma Trabzon Restaurant 
Kwun Wah Restaurant 
Toros Restaurant 
Toko Shiv Restaurant 
Saidia  Restaurant 
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 G 4987 
res. 

12.5 
kg/res./yr. 

(OIS Amsterdam, 
2016) 

1 62.3 

 Black 
water 

4987 
res. 

1.5 l/res./d. (STOWA, 2016)5 1 2730 

TOTAL:      3188.7 

TOTAL (no black water):    478.7 

TOTAL (realistic):    2.4 

 

Source Stream Methane 
[m3/ton] 

Source Methane 
capacity [m3/yr] 

Restaurant SWILL 86 (Minister of Canadas Environment, 2013) 860 
 FOG 234 (Minister of Canadas Environment, 2013) 1895 
Snack bar FOG 234 (Minister of Canadas Environment, 2013) 547 
Household VF 125 (Minister of Canadas Environment, 2013) 49495 
 G 20 (Minister of Canadas Environment, 2013) 1246 
 Black 

water 
100 ( T.Z.D. de Mes et al., unknown) 273084 

TOTAL:    327084 

TOTAL (no black water):  54045 

TOTAL (realistic):  270 

 

Source Stream Energy content biogas (60% 
Methane) [MJ/m3] 

(Minister of the Environment, 
2013) 

Energy potential [GJ/yr] 

  Min. Max. Min. Max. 

Restaurant SWILL 

22 26 

18.9 22.3 
 FOG 41.6 49.2 
Snack bar FOG 12.0 14.2 
Household VF 1088.9 1286.8 
 G 27.4 32.4 
 Black 

water 6006.8 7098.9 

TOTAL:    7195.8 8504 

TOTAL (no black water):  1189.0 1405.2 

TOTAL (realistic):  5.9 7.0 

 

Table 3. Calculation sheet showing data for the amount of waste contributing to the output in different fractions. Numbers 
don't match up due to additional losses. Waste streams are calculated based on the total waste production of table 3 and 
conversation data from the Minister of environment Canada (2013). 

 Average numbers Total [ton] Total (no 
BW) [ton] 

Total (realistic) 
[ton] 

Output Amount [ton] Amount [%]    

Total output 1.15 100.0 3188.6 478.7 2.4 
Biogas 0.08 7.0 221.8 33.3 0.2 
Digestate 0.85 73.9 2356.8 353.9 1.8 
Effluent 0.12 10.4 332.7 50.0 0.2 
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Rest 0.1 8.7 277.2 41.6 0.2 
Total (control) 1.15 91.3 3188.6 478.7 2.4 

 




